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WHAT IS CLAIMED IS: 

1. \ A object attribute acquisition and analysis system completely contained within a 
single housinkof compact lightweight construction . 

2. AnV)ject attribute acquisition and analysis system, which is capable of (1) 
acquiring and analyimg in real-time the physical attributes of objects such as, for example, (i) 
the surface reflectivelV characteristics of objects, (u) geometrical characteristics of objects, 
including shape measured^ent, (iii) the motion (i.e. trajectory) and velocity of objects, as well as 
(iv) bar code symbol, textuk and ottier infonnaticm-bearing structures disposed tiiereon, and 
(2) generating information stfiKtures representative thereof for use in diverse applications 
including, for example, objec\identification, tracking, and/or transportation/routing 
operations. 

An object attribute acquisitwn m<S analysis system, wherein a multi-wavelength 
i.e. color-sensitive) Laser Doppler Imaging;^d ProfiKng (LDIP) subsystem is provided for 
acquiring and analyzing (in real-time) t^ph^d attributes of objects such as, for example, (i) 
the surface reflectively characteristics/^ objects, (ii) geometrical characteristics of objects. 
Including shape measurement, and (iii) the mition (b^ trajectory) and velocity of objects. 

An object attribute acquisition and analysis system, wherein an image formation 
and detection (i.e. camera) subsystem is provided having\(i) a planar laser illumination and 
monochromatic imaging (PLIIM) subsystem, (ii) intelligent\auto-focus/auto-zoom imaging 
optics, and (iii) a high-speed elech-onic image detection arraywith height/velocity-driven 
photo-integration time control to ensure the captiire of images having constant image resolution 
i.e. constant dpi) independent of package height. \^ 

5. An object atbibute acquisition and analysis system, whereiri'an advanced image- 
based bar code symbol decoder is provided for reading 1-D and 2-D bar code symbol labels on 
objects, and an advanced optical character recognition (OCR) processor is provided for reading 
textual information, such as alphanumeric character strings/ representative Witiiin digital 
images that have been captured and lifted from ttie system. 

6 An object atbibute acquisition and analysis system for use in the high-^eed 
parcel, postal and material handling industries. 
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7. An object attribute acquisition and analysis system, which is capable of being 
used to identify, track and route packages, as well as identify individuals for security and 
personnel c^trol applications. 

8. An object attribute acquisition and analysis system which enables bar code 
symbol reading V)f linear and two-dimensional bar codes, CKIR-compatible image lifting, 
dimensioning, singulation, object (e.g. package) position and velocity measurement, and label- 
to-parcel tracking from a single overhead-moimted housing meastuing one 20" x 20" x 8' 

9. An obj^t attribute acquisition and analysis system which employs a built-in 
soiurce for producing a planar laser illumination beam that is coplanar vdth the field of view of 
the imaging optics used\to form images on an electronic image detection array, thereby 
eliminating the need for large, complex, high-power power consuming sodium vapor lighting 
equipment used in conjxmctionVith most industrial CCD cameras. 

10- An object attribute Acquisition and analysis system, whaekwAe all-in-one (Le 
unitary) construction simplifies installation, coimectivity, and reliability for cxxstomers as it 
utilizes a single input cable for suppl)^ irtjKtl (AC) power and a single output cable for 
outputting digital data to host systems 




11. An object attribute acquisi^on aAdsanalysis system, wherein such systems can be 
configured to construct multi-sided iliimel-iype imaging systems, used in airline baggage 
handling systems, as well as in postal and parcel identification, dimerisioiung and sortation 

systems. 

12. An object attribute acquisition and analysis system, for use in (i) automatic 
checkout solutions installed within retail shopping environments (e.g. supermarkets), (ii) 
security and people analysis applications, (iii) object and/or maWial identification and 
inspection systems, as well as (iv) diverse portable, in-coimter and fixed J^plications in virtual 
any industry. 

13. An object attribute acquisition and analysis system in the form of a high-speed 
package dimensioiung and identification system, wherein the PLIIM subsystem projects a field 
of view through a first light transmission aperture formed in the system housing, am a pair of 
planar laser illumination beams through second and third light transmission aperturek whidi 
are optically isolated from the first light transmission aperture to prevent laser beam scat 
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within the housing of the system, and the LDIP subsystem projects a pair of laser beams at 
different anteles through a fourth light transmission aperture. 

14. V automated unitary-type package identification and measuring system (i.e. 
contained within^ingle housing or enclosure), wherein a PLIM-based scanning subsystem is 
used to read bar cddes on packages passing below or near the system, while a package 
dimensioning subsys^ is used to capture information about the package prior to being 
identified. 

15. An automated package identification and measuring system, wherein Laser 
Detecting And Ranging (LADAR-based) scanning methods are used to caphire two- 
dimensional range data mapk of the space above a conveyor belt stiructure, and two- 
dimensional image contour trading methods are used to extiract package dimension data 
(herefrom. 

16. A PUM which embodiesV optical tedinique that effectively destroys the spatial 
and/or temporal coherence of the laser immtiination sources that are used to generate planar 
laser iUumination beams (PIJBs) witiun PLIlM^ased systems. 



17. A PUM, wherein the spatial coher 
by creating multiple "virtual" illumination souk 
over the photo-integration time period of 
module. 



sof ttie illumination sotuces is destroyed 
it illuminate the object at different angles, 
W image detection array used in the IFD 



18. A FLIM which embodies an optical techni^^e that effectively reduces speckle- 
noise pattern at an image detection array by desfa:oying the ^tial and/or temporal coherence 
of the laser Ulumination sources are used to generate planar l^er illumination beams (PUBs) 
within the FLUM-based system. 

19. A FLIM, wherein the spatial coherence of the Ulumin^on sources is destroyed 
by creating multiple "virtual" illumination sources that iUuminate the olsriect at different points 
in space, over tiie photo-integration time period of the electronic image dWion array used in 
the system. 

20. A unitary object attribute acquisition and analysis system which i^apable of (1) 
acquiring and analyzing in real-time the physical attributes of objects such as, for Wample, (i) 
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the '^rface reflectivity characteristics of objects, (ii) geometrical characteristics of objects, 
includ^g shape measurement, (iii) the motion (i.e. trajectory) and velocity of objects, as well as 
iv) bar c^e symbol, textual, and other information-bearing structui^ disposed thereon, and 
(2) generatuig information structures representative thereof for use in diverse applications 
including, forVexample, object identification, tracking, and/or transportation/routing 
operations. 

21. A unifiuy object attribute acquisition and analysis system, wherein a multi- 
wavelength (i.e. color-aiensitive) Laser Doppler Imaging and Profiling (LDIP) subsystem is 
provided for acquiring aiM analyzing (in real-time) the physical attributes of objects such as, for 
example, (i) the surface reflectivity characteristics of objects, (ii) geometrical characteristics of 
objects, including shape mej^urement, and (iii) the motion (i.e, trajectory) and velocity of 
objects. 

22. A unitary object at^bute acquisition and analysis system, wherein an image 
formation and detection (i.e. camera) subsystem is provided having (i)^-a plainar laso- 
illumination and imaging (PLIIM) suBsystem, (ii) intelligent auto-focus /auto-zoom imagii^ 
optics, and (iii) a high-speed electronic\mage detection array with height/velocity-driven 
photo-integration time control to ensure fhe^pmreof images having constant image resolution 
i.e. constant dpi) independent^of package hei 

23. A unitary object attribute acquisition and analysis system, wherein an advanced 
image-based bar code symbol decoder is provided\)r reading 1-D and 2-D bar code symbol 
labels on objects, and an advanced optical character recognition (OCR) processor is provided for 
reading textual information, such as alphanumeric character strings, representative within 
digital images that have been captured and lifted from the sj^tem. 

24. A unitary object attribute acquisition and arudysik system which enables bar code 
symbol reading of linear and two-dimensional bar codes, CxSR-compatible image lifting, 
dimensioning, singulation, object (e.g. package) position and veloo^r measurement, and labd- 
to-parcel tracking from a single overhead-moimted housing measui^ less than or equal to 20 
inches in widfl\, 20 inches in length, and 8 inches in height. 

25. A unitary object attribute acquisition and analysis system w!hich employs a built- 
in source for producing a planar laser illumination beam that is coplanar wwi the field of view 
(FOV) of ttie imaging optics used to form images on an electronic imag^etection array. 
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thereby eliminating the need for large, complex, high-power power consuming sodium vapor 
lightui^g equipment used in conjunction with most industrial CCD cameras. 

26v A unitary object attribute acquisition and analysis system which can be 
configuredNto coitstruct multi-sided tuimel-type imaging systems, used in airline baggage- 
handling systems, as well as in postal and parcel identification, dimei\sioning and sortaticm 
systems. 

27. A unitary object attribute acquisition and analysis system, for use in (i) automatic 
checkout solutions ^stalled witfiin retail shopping environments (e.g. supermarkets), (fi) 
security and people ^alysis applications, (iii) object and /or material identification and 
inspection systems, as wel^as (iv) diverse portable, in-coimter and fixed applications in virtual 
any industry. 

28. A unitary object a^ttribute acquisition and analysis system in the form of a higji- 
speed package dimensioxting and ioentification system, wherein the PUIM subsystem prefects a 
field of view through a first light transmission aperture formed in the system housing, and a 
pair of planar laser illumination beams^ough second and third light transmission apertiu^ 
which are optically isolated from the firab|light transmission aperture to prevent laser beam 
scattering within the housing of ii\e,,^^mS^d the LDIP subsystem projects a pair of laser 
Deams at different angles through a f<^offlh pght aansmission aperture. 

29. A imitary-type package identificatioXand measuring system contained within a 
single housing or enclosure, wherein a PLIIM-based\scanning subsystem is used to read bar 
codes on packages passing below or near the system, while a package dimensioning subsystem 
is used to capture information about attributes (i.e. featuri^s) about the package prior to being 
identified* 

30. A planar laser illumination and imaging (PLIIM)\vstem which employs hig^ 
resolution wavefront control methods and devices to reduce tne power of speckle-noise 
patterns within digital images acquired by the system. 

31. A PLIIM-based system, in which plaiuir laser illumination beal^ (PLIBs) rich in 
spectral-harmonic components on the time-frequency domain are opticaUy ga^rated using 
principles based on wavefront spatio-temporal dynamics. 
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32\ A PLIIM-based system, in which planar laser illumination beams (PLIBs) rich in 
spectral-harmonic components on the time-frequency domain are optically generated using 
principles base)^ on wavefront non-linear dyimmics. 

33. A 1?LIIM*based system, in which planar laser illtunination beams (PLIBs) rich in 
spectral-harmonic components on the spatial-frequency domain are optically generated using 
principles based on wi^efront spatio-temporal djmamics. 

34. A PLIIM-bWd system, in which planar laser illumination beams (PLIBs) rich in 
spectral-harmonic componek^ts on the spatial-frequency domain are optically generated using 
principles based on wavefront l^n-linear dynamics. 

35. A PLIIM-based syst^, in which planar laser illumination beams (PLIBs) rich in 
spectral-harmonic components are rotically generated using diverse electro-optical devices 
selected from the group consisting of mkro-electro-mehanical devices (MEMs) (e.g. deformable 
micro-mirrors), optically-addressed liquid crystal (LC) light valves, liquid crystal (LQ phase 
modulators, micro-osdllating reflectors (e A mirrors or spectrally-timed polarizing reflective 
CLC film, material), micro-oscillating refraMive-tj^e phase modulators, micro-oscillating 
diffractive-type micro-osdllators, as well as rotWi^ phase modulation discs, bands, rings and 
the like. 

36. A planar laser illumination and i^agikg (PLUM) system and method which 
employs a planar laser illumination array (PLIA) and electronic image detection array which 
cooperate to effectively reduce the speckle-noise pattern observed at the image detection array 
of the PLDM system by reducing or destroying either (i) the\patial and/or temporal coherence 
of the planar laser illumination beams (PLIBs) produced by thaPLIAs within the PLIIM system, 
or (ii) the spatial and/or temporal coherence of the planar laser mimunation beams (PLIBs) that 
are reflected/scattered off the target and received by the image K^rmation and detection (IFD) 
subsystem within the PUIM system. 

37. A planar laser illumination and imaging (PLIIM) syst^ comprising: a planar 
laser illumination array (PLIA) and electronic image detection arraV which cooperate to 
effectively reduce the speckle-noise pattern observed at the image detectioin array of the PLIIM 
system by reducing or destroying either (i) the spatial and/or temporal coherence of the planar 
laser illumination beams (PUBs) produced by the PUAs within the PUIM gj/stem, or (ii) the 
spatial and/or temporal coherence of the planar laser illumination beams O^IBs) that are 
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reflected)^cattered off the target and received by the image formation and detection (IFD) 
subsystem ^thin the PLIIM system. 

38. Ift. method of and apparatus for reducing the power of speckle-noise patterns 
observable at tne electronic image detection array of a PUIM-based system, wherein ttie 
method is based oh temporal intensity modulating the composite-type return PLIB produced by 
the composite PLIBL illuminating and reflecting and scattering off an object so that the retum 
composite PLIB detected by the image detection array in the BFD subsystem constitutes a 
temporally coherent-reduced laser beam and, as a restdt, niunerous time-varying (random) 
speckle-noise patterns >are detected over the photo-integration time period of the image 
detection array, thereby allowing these time-varying speckle-noise patterns to be temporally 
and spatially averaged and RMS power of observed speckle-noise patterns reduced. 

39. A method of anckapparatus for reducing the power of speckle-noise patterns 
observable at the electroiuc imagX detection array of a PUIM-based system, wherein (i) the 
returned laser beam produced by tn^ transmitted FliB illuminating and reflating/scattering 
off an object is temporal-intensity modukted according to a temporal intensity modulation (e.g. 
windowing) function (TIMF) so as to moaulate the phase along the wavefront of the composite 
PLIB and produce numerous substantiall^jSgfent time-varying speckle-noise patterns at 
image defection array of the IFD Sub»^m,Vnd (ii) temporally and spatially averaging the 
numerous time- varying speckle-noiser patterp at the image detection array during the photo- 
integration time period thereof, therCT7^^2pcing ^e RMS power of tfie speckle-noise patterns 
observed at the image detection array. 



40. A method of and apparatus for reducing^ the power of speckle-noise patterns 
observable at the electronic image detection array of a PLMM-based system, wherein temporal 
intensity modulation techniques which can be used to carry out the method include, for 
example: high-speed electro-optical (e.g. ferro-electric, LCD,\tc.) shutters located before tiie 
image detector along the optical axis of the camera subsystem; and^y other temporal intensi^ 
modulation element arranged before the image detector along the\K)tical axis of the camera 
subsystem, and through which the received PLIB beam may pass oiling illumination and 
image detection operatior\s. 

41. A method of and apparatus for speckle-noise pattern reductiWi based on the 
principle of spatially phase modulating the transmitted planar laser iUuminatiokbea^ (PUB) 
prior to illuminating a target object (e.g. package) therewith so 6tat ttie object islUliuninated 
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with a spatmlly coherent-reduced planar laser beam and, as a result, numerous substantially 
different tim^-varying speckle-noise patterns are produced and detected over the photo- 
integration tim^period of the image detection array (in the EFD subsystem), thereby allowing 
these speckle-noiste patterns to be temporally averaged and possibly spatially averaged over the 
photo-integration time period and the RMS power of observable speckle-noise pattem reduced. 

42. A method of and apparatus for reducing the power of speckle-noise patterns 
observable at the electrVdc image detection array of a PLIIM-based system, wherein the 
method involves modulati^ the spatial phase of the composite-type ''transmitted'' planar laser 
illimiination beam (PUB) pnor to illuminating an object (e.g. package) therewitit so that the 
object is illuminated with a spajially coherent-reduced laser beam and, as a result, niunerous 
time-varying (random) speckle\oise patterns are produced and detected over the photo- 
integration time period of the imaWe detection array in the IFD subsystem, thereby allowing 
these speckle-noise patterns to be ti^mporally averaged and/or spatially averaged and the 
observable speckle-noise pattem reduc 

43. A method of and apparatils for reducing the power of speckle-noise patterns 
observable at the electronic image detectiori array of a FLUM-based system, wherein (i) the 
spatial phase of the transmitted PLIB is^jaodtmffie^^^ the planar extent thei^f according to 
a spatial phase modulation function (SPNff)^ as^io modulate ttie phase along the wavefront of 
the PLIB and produce numerous substanti^y difrl^ent time-varying speckle-noise patterns to 
occur at the image detection array of the IFD Sub^rstem during the photo-integration time 
period of the image detection array thereof, and alsc^ii) the numerous time-varying speckle- 
noise patterns produced at the image detection array are temporally and/or spatially averaged 
during the photo-integration time peribd thereof, therebV reducing the speckle-noise patterns 
observed at the image detection array. 

44. A method of and apparatus for reducing the\jower of speckle-noise patterns 
observable at the electronic image detection array of a PLHM-b^^d system, wherein the spatial 
phase modulation techniques that can be used to carry out the method include, for example: 
mechanisms for moving the relative position/motion of a cylindricsd lens array and laser diode 
array, including reciprocating a pair of rectilinear cylindrical lens arrays relative to each other, 
as well as rotating a cylindrical lens array ring structure about eacK PLIM employed in the 
PLIIM-based system; rotating phase modulation discs having multiplk sectors with different 
refractive indices to effect different degrees of phase delay along the wavefront of the PUB 
transmitted (along different optical paths) towards the object to be illumiiu^^; acotisto-optical 
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Bragg\type cells for enabling beam steering using ultrasonic waves; ultrasonically-driven 
deformable mirror structures; a LCD-type spatial phase modulation panel; and other spatial 
phase mooulation devices. 

45. \A method of and apparatus for reducing the power of speckle-noise patterns 
observable at the electronic image detection array of a PLIIM-based system, wherein the 
transmitted planar laser illumination beam (PUB) is spatially phase modulated along the planar 
extent thereof according to a (random or periodic) spatial phase modulation function (SPMF) 
prior to illumination of the target object with the PLIB, so as to modulate the phase along the 
wavefront of the PUB and produce numerous substantially different time-varying speckle- 
noise pattern at the imafi;e detection array, and temporally and spatially average tiiese speckle- 
noise patterns at the image detection array during the photo-integration time period thereof to 
reduce the RMS power of pol^rvable speckle-pattern noise. 

46. A method of ana^apparatus for reducing the power of speckle-noise patterns 
observable at tiie electronic imageNdetection array of a PUIM-based system, wherein tiie spatial" 
phase modulation techniques that cak be used to carry out the method of despeckling include, 
for example: mechanisms for moving \he relative position/motion of a cylindrical lens array 
and laser diode array, including reciprocatmg a pair of rectilinear cylindrical lens arrays relative 
to each other, as well as rotating a cylin^cal lens array ring structure about each PUM 
employed in the PLIIM-based system;L.££^:atiM(p^^^ modulation discs having multiple sectors 
with different refractive indices to effect differenfydegrees of phase delay along the wavefront of 
the PLIB trammitted (along different i^tical paths) towards the object to be illuminated; 
acousto-optical Bragg-type cells for enabling b^^a steering using ultrasonic waves; 
ultrasonically-driven deformable mir^r structures; a LoD-type spatial phase modulation panel; 
and other spatial phcise modulation devices. 

47. A method of and apparatus for reducing the power of speckle-noise patterns 
observable at the electronic image detection array of a PLHM-baWd system, wherein a pair of 
refractive cylindrical lens arrays are micro-osdllated relative to each other in order to spatial 
phase modulate the planar laser illumination beam prior to target object mumination. 

48. A method of and apparatus for reducing the power of specW-noise patterns 
observable at the electroruc image detection array of a PUIM-based system, wrasrein a pair of 
light diffractive (e.g. holographic) cylindrical lens arrays are micro-osdllated rek^e to each 
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other m order to spatial phase modulate the planar laser illiunmation beam prior to target object 
illumination. 

49. \ A method of and apparatus for reducing the power of speckle-noise patterns 
observable at me electronic image detection array of a PLUM-based system, wherein a pair of 
reflective elemeiife are micro-oscillated relative to a stationary refractive cylindrical lens array in 
order to spatial p^ase modulate a planar laser illumination beam prior to target object 
illtmunation. 

50. A meihok of and apparatus for reducing the power of specklenoise patterns 
observable at the electronic image detection array of a PUIM-based sj^tem, wherein the planar 
laser illumination (PLIB) issjnicro-oscillated using an acoustic-optic modulator in order to 
spatial phase modulate the PLfli prior to target object illumination. 

51. A method of and apparatus for reducing the power of speckle-noise patterns 
observable at the electronic image delaction array of a PUIM-based system, wherein the planar 

laser illimiination (PLIB) is nucro-osciflated^ a piezo-electric driven deformable mirror 
structure in order to spatial phase ir^wSS^aid PUB prior to target object illumination. 

52. A method of and apparatus fok reducing the power of speckle-noise patterns 
observable at the electronic image detection arrayyf a PLUM-based system, wherein the planar 
laser illumination (PUB) is micro-oscillated using\ refractive-type phase-modulation disc in 
order to spatial phase modulate said PLIB prior to targel^object illumination 

53. A method of and apparatus for reducing ti^ power of speckle-noise patterns 
observable at the electronic image detection array of a PLIIM-6>ased system, wherein the planar 
aser illumination (PLIB) is micro-oscillated using a phase\inly type LCD-based phase 
modulation panel in order to spatial phase modulate said P^IB prior to target object 
illumination. 

54. A method of and apparatus for reducing the power of 4^kle-noise patterns 
observable at the electroruc image detection array of a PLHM-based system,^herein the planar 
aser illumination (PLIB) is micro-oscillated using a refractive-type cylindricaMens array ring 
structure in order to spatial phase modulate said PUB prior to target object iUumiiiation. 
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55. A method of and apparatus for reducing the power of speckle-noise patterns 
observableVt the electronic image detection array of a PIUM-based system, wherein the planar 
aser illumination (PUB) is micro-osdllated using a diffractive-type cylindrical lais array ring 
structure in ordV to spatial intensity modulate said PUB prior to target object illumination. 

56. A mtethod of and apparatus for reducing the power of speckle-noise patterns 
observable at the eleOTonic image detection array of a PUIM-based system, wherein the planar 
aser illumination (PLffi) is micro-oscillated using a reflective-type phase modulation disc 
structure in order to spatial phase modulate said PUB prior to target object iUimunation. 

57. A method of \nd apparatus for reducing the power of speckle-noise patterns 
observable at the electroiuc irnage detection array of a PLIIM-based system, wherein a planar 
aser illumination (PLIB) is micro-oscillated using a rotating polygon lens structure which 
spatial phase modulates said PUB puior to target object illumination. 

58. A metitod of and apparatus for reducing Hie power of speckle-noise patterns 
observable at the electronic image detection array of a PUIM-based system, based on reducing 
the temporal coherence of the planar laser ^lup?uim beam before it illuminates the target 
object by applying temporal intensity modijjitfk^;^ techniques during the transmission of the 
PUB towards die target. 

59. A method of and apparatus for reducW the power of speckle-noise patterns 
obserable at the electronic image detection array of a^PLUM-based system, based on the 
principle of temporal intensity modulating the transmitt^ planar laser illumination beam 
(PLIB) prior to illuminating a target object (e.g. package)Niierewith so that the object is 
illxmiinated with a spatially coherent-reduced planar laser heakx and, as a result, numerous 
substantially different time-varying speckle-noise patterns are proouced and detected over the 
photo-integration time period of the image detection array (in the^BFD subsystem), thereby 
allowing these speckle-noise patterns to be temporally averaged and possibly spatially 
averaged over the photo-integration time period and the RMS power okobservable speckle- 
noise pattern reduced. 

60. A method of and apparatus for reducing the power of speckl^oise patterns 
observable at the electronic image detection array of a PLHM-based system, ^herein the 
method involves modulating the temporal intensity of the composite-type "transmitwd" planar 
laser illtunination beam (PUB) prior to illimiinating an object (e.g. package) therewi^so that 
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the object is illuminated with a temporally coherent-reduced laser beam and, as a result, 
lumensms time-varying (random) speckle-noise patterns are produced and detected over the 
)hoto-integration time period of the image detection array in the IFD subsystem, thereby 
lallowing «\ese speckle-noise patterns to be temporally averaged and/or spatially averaged and 
|the observable speckle-noise pattern reduced. 

61. A method of and apparatus for reducing the power of speckle-noise patterns 
observable at thXelectronic image detection array of a PLHM-based system, wherein the 
ransmitted planar laser illumination beam (PUB) is temporal intensity modulated prior to 

illtmiinating a target\bject (e.g. package) therewith so that the object is illuminated witti a 
temporally coherent-r^uced planar laser beam and, as a result, numerous substantially 
iifferent time-varying speckle-noise patterns are produced and detected over the photo- 
\tegration time period of Ifle image detection array (in the IFD subsystem), thereby allowing 
\ese speckle-noise patterns be temporally averaged and/or spatially averaged and the 
7servable speckle-noise patterns reduced. 

62. A method of and appatatus for reducing the power of speckle-noise patterns 
Dbservable at the electronic image detec^^firay of a PLIIM-based system, based on temporal 

itensity modulating the transmitted I^^Jbxmor to illuminating an object therewitii so that tite 
object is illuminated with a temporal^^ftereWi-reduced laser beam and, as a result, nimierous 
time-varying (random) speckle-noise patterns arfe produced at the image detection array in the 
subsystem over the photo-integration time peifod thereof, and the numerous time-varying 
speckle-noise patterns are temporally and /or spatialiy averaged during the photo-integration 
time period, thereby reducing the RMS power of specie-noise pattern observed at the image 
detection array. 

63. A method of and apparatus for reducing the pbwer of speckle-noise patterns 
observable at the electronic image detection array of a PLHM-based system, wherein (i) the 
ransmitted PLIB is temporal-intensity modulated according to a temporal intensity modulation 
(e.g. windowing) function (TIMF) causing the phase along the wav^ont of the transmitted 
;*LIB to be modulated and numerous substantially different time-varying\peckle-noise patterns 
produced at image detection array of the IFD Subsystem, and (ii) the nun^rous time-varying 
speckle-noise patterns produced at the image detection array are temporallj^and/or spatially 
averaged during the photo-integration time period thereof, thereby reducing thfe RMS power of 

\ speckle-noise patterns observed (i.e. detected) at the image detection array. 
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64. A method of and apparatus for reducing the power of speckle-noise patterns 
observ^le at the electronic image detection array of a PLHM-based system, wherein temporal 
intensity modulation techniques which can be used to carry out the method include, for 
example: Visible mode-locked laser diodes (MLLDs) employed in the planar laser illumination 
array; elecko-optical temporal intensity modulation panels (i.e. shutters) disposed along the 
optical path\j>f the transnutted PUB; and other temporal intensity modulation devices. 

65. ^ method of and apparatus for reducing the power of speckle-noise patterns 
observable at tHe electronic image detection array of a PUIM-based system, wherein temporal 
intensity modulation techiuques which can be used to carry out the first generalized method 
include, for exaim>le: mode-locked laser diodes (MLLDs) employed in a planar laser 
illumination array; electrically-passive optically-reflective cavities affixed external to the VLD of 
a planar laser illummation module (PLIM; electro-optical temporal intensity modulators 
disposed along the optical path of a composite planar laser illumination beam; laser beam 
frequency-hopping device^ internal and external type laser beam frequency modulation (FM) 
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devices; and intenudimd ( 



[ laser beam amplitude modulation (AM) devices. 



66. A method of andSapparatus for reducing the pawer of speckle-noise patterns 
observable at the electronic image li^e^mj^siy of a PLIIM-based system, wherein the planar 
laser illiunination beam is tempdraMntetisity modulated prior to target object illumination 

employing high-speed beam gamig/shujfer principles. 

67. A method of and apparatus for reducing the power of speckle-noise patterns 
observable at the electronic image detection arr^y of a PLHM-based system, wherein the planar 
laser illimtination beam is temporal intensity modulated prior to target object illiunination 
emplo)ring visible mode-locked laser diodes (MLLDs)^ 

68. A method of and apparatus for reducing^^^ power of speckle-noise patterns 
observable at the electronic image detection array of a PLDM^ased system, wherein the planar 
laser illumination beam is temporal intensity modulated prior to target object illumination 
employing current-modulated visible laser diodes (VLDs) opiated in accordance with 
temporal intensity modulation functior\s (TIMFS) which exhibit a spectral harmoruc 
constitution that results in a substantial reduction in the RMS power olspeckle-pattem noise 
observed at the image detection array of PLHM-based systems. 



£7USA000 ^ 



Attorney Case Ni 

69. A method of and apparatus for reducing the power of speckle-noise patterns 
observable at the electroruc image detection array of a PLHM-based system, based on reducing 
the temporal-coherence of the planar laser illumination beam before it illununates the target 
object by allying temporal phase modulation techniques during the transmission of the PUB 
towards the tso^get. 

70. A inethod of and apparatus for reducing the power of speckle-noise patterns 
observable at the \lectronic image detection array of a PLIIM-based system, based on tiie 
principle of temporal phase modulating the transmitted planar laser illimiination beam (PUB) 
prior to illumuiatingV target object (e.g. package) therewith so that the object is illuminated 
with a temporal coherent-reduced planar laser beam and, as a result, numerous substantially 
different time-varying speckle-noise patterns are produced and detected over the photo- 
integration time period onflie image detection array (in the IFD subsystem), thereby allowing 
these speckle-noise patterns to be temporally averaged and possibly spatially averaged over the 
photo-integration time period ^ the RMS power of observable speckle-noise pattern reduced. 

71. A method of and apparatus for reducing the power of speckle-noise patterns 
observable at the electronic image^detection array of a PLUM-based system, wherein the 
method involves modulating the tem^rftl phase of the composite-type "transmitted" planar 
la$er illumination beam (PUB) prior^to^^ an object Xe.g. package) therewith so ttuit 
the object is illuminated with^atemDorA laser beam and, as a result, 
numerous time-varying (random) speckle-noi^ patterns are produced and detected over the 
photo-integration time pemod of the image detection array in the IFD subsystem, thereby 
allowing these speckle-noisepattenw to be temporally averaged and/or spatially averaged and 
the observable speckle-noise pattern reduced. 



72. A method of and apparatus for reducing the power of speckle-noise patterns 
observable at the electronic image detection array of a PmM-based system, wherein temporal 
phase modulation techiuques which can be used to carryWt the third generalized method 
include, for example: an optically-reflective cavity (i.e. etalon o^ice) affixed to external portion 
of each VLD; a phase-only LQ> temporal intensity modulation pa^l; and fiber optical arrays. 

73. A method of and apparatus for reducing the power^f speckle-noise patterns 
observable at the electronic image detection array of a PLIIM-based sy^em, wherein the planar 
laser illumination beam is temporal phase modulated prior to targ(k object illiunination 
employing photon trapping, delaying and releasing principles within aiv^tically reflective 
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cavity (i.e. etalon) externally affixed to each visible laser diode within the planar laser 
illumination array. 

74. \ A method of and apparatus for reducing the power of speckle-noise patterns 
observable at ttie electronic image detection array of a PUIM-based system, wherein the planar 
laser illumination (PLIB) is temporal phase modulated using a phase-only type LCD-based 
phase modulatioiM)anel prior to target object illumination. 

75. A mettiod of and apparatus for reducing the power of speckle-noise patterns 
observable at the electoiuc image detection array of a PUIM-based system, wherein the planar 
laser illumination beaiA (PLIB) is temporal phase modulated tising a high-density fiber-optic 
array prior to target objecrillumination. 

76. A method of Xnd apparatus for reducing the power of speckle-noise patterns 
observable at the electronic image detection array of a PUIM-based system, based on reducing 
die temporal coherence of the phmar laser illumination beam-before it illuminates the target 
object by applying temporal frequency modulation techniques diuing the transmission of the 
PLIB towards the target. 

^ 77. A method of and app^rams^r reducing the power of speckle-noise patten^ 
observable at the electronic image detection\rray of a PLHM-based system, based on tfie 
principle of temporal frequency modulating the^ansmitted planar laser illumination beam 
(PUB) prior to illummating a target object (e.g.\ackage) therewith so that the object is 
illuminated with a spatially coherent-reduced planarHaser beam and, as a result, numerous 
substantially different time-varying speckle-noise pattern^are produced and detected over the 
photo-integration time period of the image detection arr A (in the IFD subsystem), thereby 
allowing these speckle-noise patterns to be temporally averaged and possibly spatially 
averaged over the photo-integration time period and the RMS power of observable speckle- 
noise pattern reduced. 

78. A method of and apparatus for reducing the power of speckle-noise patterns 
observable at the electronic image detection array of a PLIIM-based^system, wherein the 
method involves modulating the temporal frequency of the composite^type "transmitted" 
planar laser illumination beam (PLIB) prior to illuminating an object (e.g. pabcage) therewith so 
that the object is illuminated with a temporally coherent-reduced laser beamand, as a result, 
numerous time-varying (random) speckle-noise patterns are produced and dented over tiie 
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photo-integration time period of the image detection array in the IFD subsystem, thereby 
allowiW these speckle-noise patterns to be temporally averaged and/or spatially averaged and 
the obseWable speckle-noise pattern reduced. 

79. \ A method of and apparatus for reducing the power of speckle-noise patterns 
observable at\the electronic image detection array of a PLIIM-based system, wherein techniques 
which can be used to carry out the third generalized method include, for example: junction- 
current control techniques for periodically inducing VLDs into a mode of frequency hopping, 
using thermal fe^back; and multi-mode visible laser diodes (VLDs) operated just above their 
lasing ftureshold. 

80. A method of and apparatus for reducing the power of speckle-noise patterns 
observable at the electroSmc image detection array of a PUIM-based system, wherein the planar 
laser illumination beam isUemporal frequency modulated prior to target object illumination 
employing drive-current nodulated visible laser diodes (VLDs) into modes of frequency 
popping and tiie like. 

81. A method of and a^aratus for reducing the power of speckle-noise patterns 
observable at the electronic image detection array of a PLDM-based system, wherein the planar 
aser illumination beam is temporal fr^^ency modulated prior to target object iniimiiiaQdn 
employing multi-mode visible laser diodes (SH^I^^rdiXed just above their lasing threshold. 

82. A method of and apparams f^\educing tfie power of speckle-noise patterns 
observable at the electronic image detection array PLIIM-based system, wherein the spatial 
intensity modulation techruques that can be used to c^y out the method include, for example: 
mechanisms for moving the relative position/motion o^a spatial intercity modulation array 
e.g. screen) relative to a cylindrical lens array and/St^r^a laser diode array, including 
reciprocating a pair of rectilinear spatial intensity modulatioi^^ays relative to each other, as 
well as rotating a spatial intensity modulation array ring structure about each PLIM employed 
in the PLIIM-based system; a rotating spatial intensity modula^^n disc; and other spatial 
intensity modulation devices. 

83. A method of and apparatus for reducing the power of sWkle-noise patterns 
observable at the electronic image detection array of a PLDM-based system, t^sed on reducing 
the spatial-coherence of the planar laser illiunination beam before it illiuninates target object 
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by allying spatial intensity modulation techniques during the transmission of the PUB 
towardssthe target. 

84. \ A method of and apparatus for reducing the power of speckle-noise patterns 
observable atSttie electronic image detection array of a PLIIM-based system, wherein the 
wavefront of thte transmitted planar laser illumination beam (PLIB) is spatially intensit)' 
modulated prior W^illuminating a target object (e.g. package) therewith so that the object is 
illiuninated with a M^atially coherent-reduced planar laser beam and, as a result, niunerous 
substantially differentVme-varjdng speckle-noise patterns are produced and detected over the 
photo-integration time pieriod of the image detection array (in the IFD subsystem), thereby 
allowing these speckle-muse patterns to be temporally averaged and possibly spatially 
averaged over the photo-in^ration time period and the RMS power of observable speckle- 
aoise pattern reduced. 

85. A method of and apparatus for reducing the power of speckle-noise patterns 
observable at the electronic image deletion array of a PUIM-based system, wherein^fial 
intensity modulation techniques can bkus(^ to carry out the fifth generalized method 
including, for example: a pair of comh^^^atial filter arrays reciprocated relative to each 
other at a high-speeds; rotating spatial merjfys'^^^ having multiple sectors with transmissim 
aperttires of varying dimensions and di^erent lighi transmittivity to spatial intensity modulate 
the transmitted PLIB along its wavefront; a high-spfesed LCD-type spatial intensity modulation 
panel; and other spatial intensity modulation devft^s capable of modulating the spatial 
intensity along the planar extent of the PUB wavefront 

86. A method of and apparatus for reducing theVower of speckle-noise patterns 
observable at the electroruc image detection array of a PLIIM-based system, wherein a pair of 
spatial intensity modulation (SIM) panels are micro-osdllated witii respect to the cylindrical 
ens array so as to spatial-intensity modulate the planar laser iUtmiination beam (PUB) prior to 
target object illumination. 

87. A method of and apparatus for reducing the power of sVckle-noise patterns 
observable at the electronic image detection array of a PUIM-based system^based on reducing 
the spatial-coherence of the planar laser illimiination beam after it illumina^tes the target by 
applying spatial intensity modulation techniques during the detection of the reflWted /scattered 
PUB. 
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88v A method of and apparatus for reducing the power of specklenoise patterns 
observableVt the electronic image detection array of a PLIIM-based system, wherein the 
method is based on spatial intensity modulating the composite-type "return" PUB produced by 
the composite VLIB illuminating and reflecting and scattering off an object so that the return 
PLIB detected byahe image detection array (in the IFD subsystem) constitutes a spatially 
coherent-reduced laser beam and, as a result, numerous time-varying speckle-noise patterns are 
detected over the phbto-integration time period of the image detection array (in the DFD 
subsystem), thereby allWing these time-varying speckle-noise patterns to be temporally and 
spatially-averaged and thARMS power of the observed speckle-noise patterns reduced. 

89. A method of\and apparatus for reducing the power of speckle-noise patterns 
observable at the electronic hnage detection array of a PLIIM-based system, wherein (i) the 
return PLIB produced by the mmsmitted PUB illuminating and reflecting/scattering off an 
object is spatial-intensity modulated (along the dimensions of the image detection elements) 
according to a spatial-intensity modtdation function (SIMF) so as to modulate the phase along 
the wavefront of tiie composite ^^etumMIB and produce numerous substantially different time- 
varying speckle-noise patterns at the im^ge detection array in the IFD Subsystem, and also (ii) 
temporally and spatially average the numetous time-varying speckle-noise patterns produced 
at the image detection array dxuing the photo^i^gration time period thereof, thereby reducing 
the RMS power of the speckle-noise pattegj6o^sa;yed at the image detection array. 

90. A method of and apparatus for reducing the power of speckle-noise patterns 
observable at the electronic image detection array of a PLIIM-based system, wherein the 
composite-type "return" PLIB (produced when the transmitted PLIB illuminates and reflects 
and /or scatters off the target object) is spatial intensity modulated, constituting a spatially 
coherent-reduced laser light beam and, as a result, nimaerous time-varying speckle-noise 
patterns are detected over ti\e photo-integration time period of ttve image detection array in the 
IFD subsystem, thereby allowing these time-varying speckle-noise patterns to be tempora% 
and/or spatially averaged and the observable speckle-noise pattern reouced. 

91. A method of and apparatus for reducing the power of Reekie-noise patterns 
observable at the electronic image detection array of a PLIIM-based system\vherein the return 
planar laser illumination beam is spatial-intensity modulated prior to detecfton at the image 
detector. 
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92. A method of and apparatus for reducing the power of speckle-noise patterns 
observable at the electronic image detection array of a PLIIM-based system, wherein spatial 
intensity nustdulation techniques which can be used to carry out the sixth generalized method 
include, for example: high-speed electro-optical (e.g. ferro-electric, LCD, etc.) dynamic spatial 
filters, located Before the image detector along the optical axis of the camera subsystem; 
physically rotatinkspatial filters, and any other spatial intensity modulation element arranged 
before the image detector along the optical axis of the camera subsystem, through which the 
received PUB beam may pass during illumination and image detection operations for spatial 
intensity modulation wMiout causing optical image distortion at the image detection array. 

93. A metiiod of and apparatus for reducing the power of speckle-noise patterns 
observable at the electronicVimage detection array of a PLIIM-based system, wherein spatial 
intensity modulation techniques which can be used to carry out the method include, for 
example: a mechanism for pWsically or photo-electronically rotating a spatial intensity 
modulator (e.g. apertures, irises,\tc.) about the optical axis of the imaging lens of the camera 
module; and any other axially symmetric, rotating spatial intensity modulation element 
arranged before the entrance pupil ^^^^^ camera module, through which the received PLIB 
beam may enter at any angle or orientatioii du^g^ and image detection operations. 

94. A method of and appaj^nus^^t redu^ the power of specklfe-noise patterns 
observable at the electronic image diction arrayu)f a PLIIM-based system, based on reducing 
the temporal coherence of the planar laser illiunina^pn beam after it illimiinates the target by 
applying temporal intensity modulation techniques during the detection of the 
reflected/scattered PLIB. 

95. A method of and apparatus for reducing the\ower of speckle-noise patterns 
observable at the electronic image detection array of a PUE^-based system, wherein the 
composite-type "return" PLIB (produced when the transmitted PDTO illtuninates and reflects 
and/or scatters off the target object) is temporal intensity modulated, constituting a temporally 
coherent-reduced laser beam and, as a result, niunerous time-varying (Wdom)^ speckle-noise 
patterns are detected over the photo-integration time period of the image dMection array (in the 
IFD subsystem), thereby allowing these time-varying speckle-noise pattenAto be temporally 
and/or spatially averaged and the observable speckle-noise pattern reduced, mis method can 
be practiced with any of the PUM-based systems of the present invention disclo^d herein, as 
well as any system constructed in accordance with the general principles of ^e present 
invention. 
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►6. A method of and apparatus for reducing the power of speckle-noise patterns 
observable at the electronic image detection array of a PlUM-based system, wherein temporal 
intensity modulation techniques which can be used to carry out the method include^ foi 
example: hi^-speed temporal modulators such as electro-optical shutters, pupils, and stops, 
located along tfffi optical path of the composite return PLIB focused by the IFD subsystem; etc. 

97. A ihethod of and apparatus for reducing the power of speckle-noise patterns 
observable at the electronic image detection array of a PUIM-based system, wherein the return 
planar laser illuminakon beam is temporal intensity modulated prior to image detection by 
employing high-speed light gating/switching principles. 

98. A planar laser illumination and imaging module which employs a planar laser 
ilumination array (PLIA) comprising a plurality of visible laser diodes having a plurality of 

different characteristic wavelengths residing within di^rent portions of the visible band. 

99. A planar laser illumination and imaging module (PLIIM), wherein the visible 
aser diodes within the PLIA thereoP^e sJptiaUy^rranged so that the spectral components of 
each neighboring visible laser diode (V^^^atially overlap and each portion of the composite 

LIB along its planar extent contair^^p^to^ of different characteristic wavelengths, therd^y 
imparting multi-color illumination ^aracferistics to the composite PUB. 

100. A PLIIM, wherein the multi-color\hmunation characteristics of the composite 
LIB reduce the temporal coherence of the laser illumination sources in the PLIA, thereby 

reducing the RMS power of the speckle-noise pattern observed at the image detection array of 
thePlUM. 

101. A planar laser illumination and imaging mo^tde (PUIM) which employs a 
planar laser illumination array (PLIA) comprising a plurality of \^ible laser diodes (VLDs) 
which exhibit high "mode-hopping" spectral characteristics whidvcooperate on the time 
domain to reduce the temporal coherence of the laser illiunination soWes operating in the 
PLIA and produce nimnerous substantially different tune-varying speckle-r^se patterns during 
each photo-integration time period, thereby reducing the RMS power of \e speckle-noise 
pattern observed at the image detection array in the PLUM. 
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102. A planar laser illumination and imaging module (PLIIM) which employs a 
[planar I^er illumination array (PLIA) comprising a plurality of visible laser diodes (VLDs) 
which are \thermally-driven" to exhibit high ''mode-hopping" spectral characteristics which 
cooperate onSthe time domain to reduce the temporal coherence of the laser illumination 
sources operating in the PLIA, and thereby reduce the speckle noise pattern observed at the 
image detection array in the PLUM accordance with the principles of the present invention. 

103. A meijhod of and apparatus for reducing the power of speckle-noise patterns 
Dbservable at the eleoronic image detection array of a PlUM-based system, employing linear 
(or area) electronic ima^e detection arrays having elongated image detection elements with a 

igh heigjit-to-width (h/wrt aspect ratio. 

104. A method of Nand apparatus for reducing the power of speckle-noise patterns 
Dbservable at the electronic image detection array of a PLIIM-based system, emplojdng linear 
(or area) electronic image detection arrays having vertically-elongated image detection 

8, ie. having a Wgh hdgh^width (H/W) aspect ratio. 

105. A PLIIM-based system with an integrated speckle-pattern noise reduction 
subsystem, wherein a micro-oscillatip^tylindrical lens array micro-oscillates a planar laser 

Itunination beam (PUB) laterall^rong its planar extent to produce spatial-incoherent PUB 
components and optically combmes and pihmects said spatially-incoherent PLIB components 
>nto the same points on the surface of an o^ect to be illuminated, and wherein a micro- 
oscillating light reflecting structure micro-osdUate&tiie PLB components transversely along the 
iirection orthogonal to said planar extent, and aMinear (ID) image detection array with 
^^ertically-elongated image detection elements detects time- varying speckle-noise patterns 
:>roduced by the spatially-incoherent components reflected/mattered off the illimiinated object 

106. A PUIM-based system with an integrated srockle-pattem noise reduction 
subsystem, wherein a first micro-oscillating light reflective elen^t micro-oscillates a planar 
jlaser illununation beam (PUB) laterally along its^planar extent to piWuce spatially-incoherent 
^LIB components, a second micro-oscillating light reflecting element micro-oscillates the 
spatially-incoherent PLIB components transversely along the directioii orthogonal to said 
>lanar extent, and wherein a stationary cylindrical lens array optically confines and projects 
aid spatially-incoherent PLIB components onto the same points on the surfa^ of an object to 
je illuminated, and a linear (ID) image detection array with vertically-elongated image 
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detection elements detects time-varying speckle-noise patterns produced by the spatially 
intoherent components reflected/scattered off the illuminated object. 

Ifi7. A PLIIM-based system with an integrated speckle-pattern noise reduction 
subsysteim wherein an acousto-optic Bragg cell micro-oscillates a planar laser illumination 
Deam (PLIdI laterally along its planar extent to produce spatially-incoherent PLIB components, 
la stationary cylindrical lens array optically combines and projects said spatially-incoherent PUB 
components onto the same points on the surface of an object to be illuminated, and wherein a 
licro-oscillating, light reflecting structure micro-oscillates the spatially-incoherent PLIB 
components transversely along the direction orthogonal to said planar extent, and a linear, (ID) 
image detection array witii vertically-elongated image detection elements detects time-varying 
speckle-noise pattemsSproduced by spatially incoherent PLIB components reflected /scattered 
|off the illiuninated objectN 

108. A PLHM-basMw system with an integrated speckle-pattern noise reduction 
subsystem, wherein a high-resolution -defoimable muror (DM) structure micro-oscillates a 
Dlanar laser illumination beam (P^B) laterally along its planar extent to produce spatially- 
icoherent PLIB components, a micr^sciMting light reflecting element micro-osdllates the 
spatially-incoherent PLIB compol^FtfsXMnsversely along the direction orthogonal to said 
planar extent, and wherein a stationary tyimdrical lens array optically combines and projects 
[the spatially-incoherent PLIB components ont^the same points on the surface of an object to be 
illuininated, and a linear (ID) image detection amy with vertically-elongated image detection 
elements detects time-varying speckle-noise pattlmis produced by said spatially incoherent 
PLIB components reflected/scattered off the illuminat^ object. 



109. A PLIM-based system with an integrated speckle-pattern noise reduction 
subsystem, wherein a micro-osdllating cylindrical ler\s ar^y micro-oscillates a planar laser 
Ixunination beam (PUB) laterally along its planar extent to p^uce spatially-incoherent PUB 
components which are optically combined and projected onto thesame points on the surface of 
I object to be illiuninated, and a micro-osdllating light reflective ^cture micro-osdllates the 
ppatially-incoherent PUB components transversely along the direc^on orthogonal to said 
planar extent as well as tiie field of view (FOV) of a linear (ID) image d^ection array having 
/ertically-elongated image detection elements, whereby said linear CCD d^Ktion array detects 
ime-varying speckle-noise patterns produced by the spatially incoherent P^B components 
reflected/scattered off the illuminated object. 
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\110. A PLIIM-based system with an integrated speckle-pattern noise reduction 
subsystem, wherein a micro-oscillating cylindrical lens array micro-oscillates a planar laser 
illuminatiok beam (PLIB) laterally along its planar extent and produces spatially-incoherent 
PLIB components which are optically combined and project onto the same points of an object to 
be illuminated,\ micro-oscillating light reflective structure micro-oscillates transversely along 
the direction orthbeonal to said planar extent, both PLIB and the field of view (FOV) of a linear 
(ID) image detectton array having vertically-elongated image detection elements, and a 
PLIB/FOV folding mirror projects the micro-oscillated PLIB and fov towards said object, 
whereby said linear \mage detection array detects time-varying speckle-noise patterns 
produced by the spatially incoherent PUB components reflected/scattered off the illiuninated 
object. 

111. A PLIIM-basedSsystem with an integrated speckle-pattern noise reduction 
subsystem, wherein a phaseonly \CD-based phase modulation panel micro-oscillates a planar 
laser iUumination beam (PUB) laterally along its planar extent and produces spatially- 
mcoherent PUB components, a stati^^y qrlindrical lens array optically combines and projects 
the spatially-incoherent PUB coin^ients^nto the same points on the surface of an object to be 
illuminated, and wherein a n^ro-o^cillanng light reflecting structure micro-oscillates the 
spatially-incoherent PLIB components transversely along the direction orthogonal to said 
plai^ar extent, and a linear (ID) CCD image detection array with vertically-elongated image 
detection elements detects time-varying speckle^oise patterns produced by the spatially 
incoherent PLIB components reflected/scattered off thedlluminated object. 

112. A PLIIM-based system with an integratfe^d speckle-pattern noise reduction 
subsystem, wherein a multi-faceted cylindrical lens arifay structure rotating about its 
longitudinal axis within each PLIM micro-oscillates a planar\aser illvunination beam (PLIB) 
laterally along its planar extent and produces spatially-incoheren^PLIB components therealong, 
a stationary cylindrical lens array optically combines and projects the spatially-incoherent PLIB 
components onto the same points on the siuface of an object to be illumiiiated, and wherein a 
micro-oscillating light reflecting structiure micro-oscillates the spatially-incoherent PLIB 
components trai\sversely along the direction orthogoiud to said planar extent and a linear (ID) 
image detection array with vertically-elongated image detection elements dere^ time-var3dng 
speckle-noise patterns produced by the spatially incoherent PLIB^^omponents 
reflected/scattered off the illvuninated object. 
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113. A PLIIM-based system with an integrated speckle-pattern noise reduction 
subsystem, wherein a multi-faceted cylindrical lens array structure within each PLIM rotates 
about its Ibngitudinal and transverse axes, micro-oscillates a planar laser illumination beam 
(PLIB) lateraUy along its planar extent as well as transversely along the direction orthogonal to 
said planar extent, and produces spatially-incoherent PLIB components along said orthogonal 
directions, and wherein a stationary cylindrical lens array optically combines and projects the 
spatially-incoherent PUB components onto the same points on the surface of an object to be 
illuminated, and a Imear (ID) image detection array with vertically-elongated image detection 
elements detects timeVarying speckle-noise patterns produced by ttie spatially incoherent PUB 
components reflected/scattered off the illuminated object 

114. A PLnM-based system with an integrated hybrid-type speckle-pattern noise 
reduction subsystem, wherem a high-speed temporal intensity modulation panel temporal 
intensity modulates a planar lasi^ illtunination beam (PLIB) to produce temporally-incoherent 
PUB components along its planar ^extent, a stationary cylindrical lens array optically combines 
and projects the temporally-incoher^ PLIB components onto the same-pdnts on the surface of 
an object to be illuminated, and wher>ein a micro-oscillating light reflecting element micro- 
oscillates the PLIB transversely along the^direction orthogonal to said planar extent to produce 
spatially-incoherent PUB componente along/said transverse direction, and a linear (ID) image 
detection array with ver^callyjelbngated^ irf\age detection elements detects time-varying 
speckle-noise patterns produced by the temporal^ and spatially incoherent PLIB components 
reflected/scattered off the illimnnated o^ect. 

115. A PLIIM-based system with an integraW hybrid-type speckle-pattern noise 
reduction subsystem, wherein an optically-reflective cavitv (i.e. etalon) externally attached to 
each VLD in the system temporal phase modulates a planar laser illumination beam (PLIB) to 
produce temporally-incoherent PLIB components along its\planar extent, a stationary 
cylindrical lens array optically combines and projects the temporally-incoherent PUB 
components onto the same points on the surface of an object to be ilWiinated, and wherein a 
micro-oscillating light reflecting element micro-oscillates the PLIB \ansversely along the 
direction orthogonal to said planar extent to produce spatially-incohere^PUB components 
along said trai\sverse direction, and a linear (ID) image detection array, with vertically- 
elongated image detection elements detects time-varying speckle-noise patterrys produced bv 
the temporally and spatially incoherent PLIB components reflected/ sea tiftired off the 
illuminated object. 
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11^6. A PLIIM-based system with an integrated hybrid-type speckle-pattern noise 
jreduction ^subsystem, wherein each visible mode locked laser diode (MLLD) employed in the 
olim of the Vsten^ generates a high-speed pulsed (i.e. temporal intensity modulated) planar 
jlaser iUiuninaMn beam (PLIB) having temporally-incoherent PUB components along its planar 
extent, a stationiary cylindrical lens array optically combines and projects the temporally- 
\coherent PLIB components onto the same points on the surface of an object to be illiuninated, 
land wherein a micrVoscillating light reflecting element micro-osdllates PLIB transversely along 
le direction orfliogcmal to said planar extent to produce spatially-incoherent PLIB components 
along said transverse\iiirection, and a linear (ID) image detection array with vertically- 
elongated image detection elements detects time-varying speckle-iioise patterns produced by 
the temporally and spatially incoherent PLIB components reflected /scattered off flie 
liuninated object. 

117. A PLIIM-based ^stem with an integrated hybrid-type speckle-pattern noise 
reduction subsystem, wherein thk visible laser diode (VLD) employed in each PUM of Ihe 
system is continually operated in aSfrequency-hopping mode so as to temporal frequency 

lodulate the planar laser iUuiriinatioirbeam (PLIB) and produce temporally-incoherent PUB 
components along its planar extent, a stationary cylindrical lens array optically combines and 
projects the temporally-incoherent PUB components onto the same points on the siurface of an 
object to be illuminated, and wherein a mia^-osciUating light reflecting element micro- 
)scillates the PLIB transversely along the direoion orthogonal to said planar extent and 
produces spatially-incoherent PLIB components along said transverse direction, and a linear 
|(1D) image detection array with vertically-elongated image detection elements detects time- 
/arying speckle-noise patterns produced by the tempo^Uy and spatial incoherent PUB 
components reflected/scattered off the illuminated object. 

118. A PLIIM-based system with an integrated hytei^^type speckle-pattem noise 
reduction subsystem, wherein a pair of micro-osdllating spatial inttmsity modulation paneb 

lodulate the spatial intensity along the wavefront of a planar laser ilttunination beam (PUB) 
ind produce spatially-incoherent PLIB components along its planar\xtent, a stationary 
irlindrical lens array optically combines and projects the spatially-incohereiUxPLIB componatfs 
nto the same points on the surface of an object to be illuminated, and wherein a micro- 
sciUating light reflective structure micro-oscillates said PLIB transversely along^the direction 
lorthogonal to said planar extent and produces spatially-incoherent PUB components along said 
transverse direction, and a linear (ID) image detection array having vertically-elongated image 
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detection^elements detects time-varying speckle-noise patterns produced by the spatially 
incoherent PUB components reflected/scattered off the illuminated object. 

119. A inethod of and apparatus for moxmting a linear image sensor chip within a 
PLIIM-based system to prevent nusalignment between the field of view (FOV) of said linear 
image sensor chip and the planar laser illumination beam (PUB) used therewith, in response to 
thermal expansion or qrding within said PLUM-based system. 

120. A method of and apparatus for moimting a linear image sensor chip relative to a 
heat sii\king structure to prevent any misalignment between the field of view (FOV) of tfie 
image sei\sor chip and the mJA produced by the PLIA within the camera subsystem, thereby 
improving the performance of the PLUM-based system during planar laser illumination and 
imaging operations. \ 

121. A camera subsystem wherein the linear image sensor chip employed in the 
camera is rigidly motmted to ttie c^era body of a PLUM-based system via a novel image 
sensor mounting mechanism which preyente^ny significant misaligtunent between ttie field of 
view (FOV) of the image detection eleme^^^ the linear image sensor chip and the planar laser 
illtunination beam (PUB) produced^jii^u&a^ to illiuninate the FOV thereof within the 
ffD module (i.e. camera subsystem^ / / \ ^ 

122. A method of and apparams for automatically controlling the output optical 
power of the VLDs in the planar laser illumination amy of a PLUM-based system in response 
to the detected speed of objects transported along a convWor belt, so that each digital image of 
each object captured by the PLUM-based system has a substantially uniform "white" level, 
regardless of conveyor belt speed, thereby simplifying the\pftware-based image processing 
operations which need to subsequently carried out by thk image processing computer 
subsystem. \ 

123. A method of and apparatus for automatically controHmg the output optical 
power of the VLDs in the planar laser illumination array of a PLUM-baswi system, wherein a 
camera control computer in the PLUM-based system performs the follorang operations: fi) 
computes the optical power (measured in milliwatts) which each VLD in ihe PLUM-based 
system must produce in order that each digital image captured by the PLUM-based system will 
have substantially the same "white" level, regardless of conveyor belt speed; and |2) transmits 
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the computed VLD optical power value(s) to the micro-controller associated with each PUA in 
the PLDDM-Wed system. 

124. A PUIM-based systems embodying speckle-pattern noise reduction subsystems 
comprising a lin^r (ID) image sensor with vertically-elongated image detection elements, a 
pair of planar laseiMlumination modules (PLIMs), and a 2-D PLIB micro-osdllation mechanism 
arranged therewith ror enabling both lateral and transverse micro-movement of the planar laser 
illumination beam (Plip). 

125. FUIM-bas^ systems embod3dng speckle-pattern noise reduction subsystems 
comprising a linear (ID) ima^ sensor with vertically-elongated image detection elements, a 
pair of planar laser illuminatiok modules (PLIMs), and a 2-D PLIB micro-oscillation mechanism 
arranged therewith for enabling hp\h lateral and transverse miao-movement of the planar laser 
illumination beam (PLIB). 

126. A PLIIM-based system embodying axt -speckle-pattem noise reduction 
subsystem, comprising (i) an image formation and detection (DFD) module mounted on an 
optical bench and having a linear (ID) ima^e sensor with vertically-elongated image detection 
elements characterized by a large height-to-widffl/(H/W) aspect ratio, (ii) a pair of planar laser 
illumina^on modules (PLIMs) mounted o^[^optical bench on opposite sides of the IFD 
module, and (iii) a 2-D PLIB micro-oscplatyn mechanism arranged with each PLIM, and 
employing a micro-oscillating cylindrical lejp arraj^>^and a micro-oscillating PUB reflecting 
mirror configured together as an optical assembly for the^ purpose of micro-oscillating the PUB 
laterally along its planar extent as well as transversely along the direction orthogonal thereto, so 
that during illimiination operations, the PUB is spatial phase^modulated along the planar extent 
thereof as well as along the direction orthogonal thereto, causii^g the phase along the wavefrOTt 
of each transmitted PUB to be modulated in two orthogorial dimensions and munerous 
substantially different time-varjdng speckle-noise patterns to be^ produced at the vertically- 
elongated image detection elements of the IFD Subsystem during t^ photo-integration time 
period thereof, so that these ntunerous time-varying speckle-noise patterns can be temporally 
and spatially averaged during the photo-integration time period of the image detection array, 
thereby reducing the RMS power level of speckle-noise patterns observed at the image 
detection array. 

127. A PLIIM-based system embodying an speckle-pattern n^se reducti<xi 
subsystem, comprising (i) an image formation and detection (IFD) module mounted on an 
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optio^ bench and having a linear (ID) image sensor with verticaUy-elongated image detection 
elemente characterized by a large height-to-width (H/W) aspect ratio, (ii) a pair of planar laser 
illuminatton modules (PUMs) mounted on the optical bench on opposite sides of the IFD 
module, and (iii) a 2-D PLIB micro-oscillation mechanism arranged with each PLIM, and 
employing a stationary PUB folding mirror, a micro-osdllating PUB reflecting element, and a 
stationary cylindrical lens array configured together as an optical assembly as shown for fl>e 
purpose of micro-oscillating the PUB laterally along its planar extent as well as transversely 
along the direction\prthogonal thereto, so that during illumination operations, the PUB 
transmitted from eachVuM is spatial phase modulated along the planar extent thereof as well 
as along the direction Vthogonal thereto, causing the phase along the wavefront of each 
transmitted PLIB to be modulated in two orthogonal dimensions and numerous substantially 
different time-varying speckl^noise patterns to be produced at the vertically-elongated image 
detection elements of the IFD Subsystem during the photo-integration time period thereof, so 
that these numerous time-varying speckle-noise patterns can be temporally and spatially 
averaged during the photo-integration time period of the image detection array, thereby 
reducing the RMS power level of ^>edhe^OE»patlems observed at fte image detection array. 

128. A PLIIM-based systeS/ embodying an speckle-pattern noise reduction 
subsystem, comprising (i) an image 'rormatibn and detection (IFD) modide moimted on an 
optical bench and having a linear (ID) image sensor witit vertically-elongated image detection 
elements characterized by a large height-to-width\H/W) aspect ratio, (ii) a pair of planar laser 
illumination modules (PUMs) mounted on the optical bench on opposite sides of the IFD 
module, and (iii) a 2-D PLIB micro-oscillation mecnanism arranged with each PLIM, and 
employing a micro-oscillating cylindrical lens array and a micro-oscillating PLIB reflecting 
element configured together as shown as an optical assembly for the purpose of micro- 
oscillating tt\e PLIB laterally along its plemar extent as well as\transversely along the direction 
orthogonal thereto, so that during illumination operations, the; PUB transmitted from eadi 
PLIM is spatial phase modulated along ttie plaiuir extent thereof aVwell as along the directi(xi 
orthogonal (i.e. transverse) thereto, causing the phase along the wavefront of each transmitted 
PUB to be modulated in two orthogonal dimensions and numerous substantially different time- 
varying speckle-noise patterns to be produced at the vertically-elongWd image detecticm 
elements of the IFD Subsystem during the photo-integration time period thereof, so that these 
numerous time-varying speckle-noise patterns can be temporally and spatially averaged during 
the photo-integration time period of the image detection array, thereby reducing the RMS 
power level of speckle-noise patterns observed at the image detection array. 
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129. \ A PLIIM-based system embodying an speckle-pattern noise reduction 
subsystem, c<^prising (i) an image formation and detection (IFD) module mounted on an 
optical bench ark having a linear (ID) image sensor with vertically-elongated image detection 
elements charactermed by a large height-to-width (H/W) aspect ratio, (ii) a pair of planar laser 
illumination modulek (PUMs) mounted on the optical bench on opposite sides of the IFD 
module, and (iii) a 2-01 PLIB micro-oscillation mechanism arranged with each PLIM, and 
employing a micro-oscillating high-resolution deformable mirror structure, a stationary PUB 
reflecting element and a swionary cylindrical lens array configured together as an optical 
assembly as shown for the puroose of micro-osdllating ttie PUB laterally along its planar extent 
as well as transversely along tt^ direction orthogonal thereto, so that during illumination 
operation, the PLIB transmitted from each PUM is spatial phase modtdated along tiie planar 
extent thereof as well as along the direction orthogonal (i.e. transverse) thereto, causing the 
phase along the wavefront of each transmitted PLIB to be modulated in two orthogonal 
dimensions and numerous substantiallyMifferent time-varying speckle-noise patterns to be 
produced at the vertically-elongated image detection elements of the IFD Subsystem diuing tiie 
photo-integration time period tfiereof, so tn^t these nimierous time-varying speckle-noise 
patterns can be temporally and spatially averageddimng the photo-integration time period of 
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the image detection array, thereby reducing 
observed at the image detection array. 



power level of speckle-noise patterns 



130. A PLIIM-based system emhodyinig ai\ speckle-pattern noise reduction 
subsystem, comprising (i) an image formaMon and detecnton (IFD) module mounted on an 
optical bench and having a linear (ID) image sensor with verflcally-elongated image detection 
elements characterized by a large height-to-width (H/W) aspect >atio, (ii) a pair of planar laser 
illumination modules (PLIMs) mounted on the optical bench on\ppposite sides of the IFD 
module, and (iii) a 2-D PLIB micro-oscillation mechanism arranged with each PUM, and 
employing a micro-oscillating cylindrical lens array structure for mio^o-osdilating the PUB 
laterally along its planar extend, a micro-osdllating PUB/FOV refractiorv element for micro- 
oscillating the PLIB and ttie field of view (FOV) of the linear image sensor transversely along 
the direction orthogonal to the planar extent of the PUB, and a stationary POffi/FOV foldii^ 
mirror configured together as an optical assembly as shown for the purpose of mKTO-osdllatii^ 
the PLIB laterally along its planar extent while micro-oscillating both the PLIB and^FOV of the 
linear image sensor transversely along the direction orthogonal thereto, so that during 
illumination operation, the PUB transmitted from each PLIM is spatial phase modulatecL aloi^ 
the planar extent thereof as well as along the direction orthogonal (i.e. transverse) ttiei^, 
causing the phase along the wavefront of each transmitted PLIB to be modulated in t^rp 
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orthogonal dimensions and numerous substantially different time-varying speckle-noise 
patterns to^e produced at the vertically-elongated image detection elements of the BFD 
Subsystem dimng the photo-integration time period thereof, so that these numerous time- 
varying speckle^oise patterns can be temporally and spatially averaged during the photo- 
integration time period of the image detection array, thereby reducing the RMS power level of 
speckle-noise pattemsspbserved at the image detection array. 

131. A PLIIM-Wsed system embodying an speckle-pattern noise reduction 
subsystem, comprising (i) an image formation and detection (IFD) module mounted on an 
optical bench and having a lintor (ID) image sensor with vertically-elongated image detection 
elements characterized by a largeJieight-to-width (H/W) aspect ratio, (ii) a pair of planar lasCT 
illumination modules (PLIMs) mounted on the optical bench on opposite sides of the BFD 
module, and (iii) a 2-D PLIB microroscillation mechanism arranged with each PLIM, and 
employing a micro-oscillating cylindrical lens array structure for micro-oscillating the PUB 
laterally along its planar extend, a micr<y^scillating PLIB/FOV reflection element for micro- 
oscillating the PLIB and the field of- view (FOV) of tfie linear image sensor transversely along 
the direction orthogonal to the planar extent erf thi/^LIB, and a stationary PUB /FOV folding 
mirror configured together as an optical assemblyuSs 6hown for the purpose of micro-oscillating 
the PLIB laterally along its planar extent while^cffi^^scillating both the PUB and FOV of the 
linear image sensor traiisversely along the mrejction orthogonal thereto, so tiiat during 
illumination operation, the PLIB transmitted frpm each is spatial phase modulated along 
the planar extent thereof as well as along the direction oMiogoiuil thereto, causing the phase 
along the wavefront of each transmitted PLIB to be modulated in two orthogonal dimensions 
and numerous substantially different time-varying speckle-nois\pattems to be produced at tfie 
vertically-elongated image detection elements of the IFD Subsystem during the photo- 
integration time period thereof, so that these numerous time-varyings^>eckle-noise patterns can 
^e temporally and spatially averaged during the photo-integration tmie period of the image 
detection array, thereby reducing flie RMS power level of speckle-noise patterns observed at the 
image detection array. 

132- A PLHM-based system embodying an speckle-pattern no^e reduction 



subsystem, comprising (i) an image formation and detection (IFD) module moisted on an 
optical bench and having a linear (ID) image sensor with vertically-elongated image^detecticm 
elements characterized by a large height-to-width (H/W) aspect ratio, (ii) a pair of plait^r laser 
illumination modules (PLIMs) moimted on the optical bench on opposite sides of tHi^ IFD 
module, and (iii) a 2-D PLIB micro-oscillatibrii mechanism arranged with each PUM, 
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smployi^g a phase-only LCD phase modulation panel a stationary cylindrical lens array, and a 
icro-oscUlating PUB reflection element, configured together as an optical assembly as shown 
for the purpose of micro-oscillating the PLIB laterally along its planar extent while micro- 
)scillating tl\PLIB transversely along the direction orthogonal thereto, so that during 
lamination opetotion, the PUB transmitted from each PLIM is spatial phase modulated along 
Ithe planar extent\hereof as well as along the direction orthogonal (i.e. transverse) thereto, 
causing the phase ajpng the wavefront of each transmitted PLIB to be modulated in two 
)rthogonal dimensions and numerous substantially different time-varying speckle-noise 
patterns to be produceckat the vertically-elongated image detection elements of the IFD 
Subsystem during the photo-integration time period thereof, so that these numerous time- 
varying speckle-noise patteirte can be temporally and spatially averaged during the photo- 
itegration time period of the iri\age detection array, thereby reducing the RMS power level of 
?eckle-noise patterns observed at tlje image detection array. 



133. A PLIIM-based systefei embodying an speckle-pattern noise reduction 
ibsystem, comprising (i) art image formation and detection (IFD) module mounted on an 
optical bench and having a linear (ID) im^e sensor with vertically-elongated image detection 



to-vH4tKYH/W) aspect ratio, (ii) a pair of planar laser 
tical bench on opposite sides of the IFD 
echanism arranged with each PLIM, and 
rical lens array structure, a stationary 
on element configured together as an 
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elements characterized by a large height-i 
llumination modules (PLIMs) moimted on 
lodule, and (iii) a 2-D PLIB micro-oscill 
employing a micro-oscillating multi-facetfia 
irlindrical lens array, and a micro-oscillating P 
Dptical assembly as shown, for the purpose of micro-^illating the PLIB laterally along its 
?lanar extent while micro-oscillating the PLIB transvers^y along the direction orthogonal 
lereto, so that during illiunination operation, the PUB traMmitted from each PUM is spatial 
jhase modulated along the planar extent thereof as well as\long the direction orthogonal 
lereto, causing the phase along the wavefront of each transmitted^UB to be modulated in two 
orthogonal dimensions and numerous substantially different time-varying speckle-noise 
patterns to be produced at the vertically-elongated image detecnon elements of the IFD 
Subsystem during the photo-integration time period thereof, so that^tiiese numerous time- 
/arying speckle-noise patterns can be temporally and spatially averaged during the photo- 
itegration time period of the image detection array, thereby reducing the ^IS power level of 
le-noise patterns observed at the image detection array. 



134. A PLIIM-based system embodying an speckle-pattern nois^ reduction 
subsystem, comprising (i) an image formation and detection (IFD) module mouMSS on an 
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loptical bench and having a linear (ID) image sensor with vertically-elongated image detection 
elements chJ^acterized by a large height-to-width (H/W) aspect ratio, (ii) a pair of planar laser 
lillumination mtodules (PLIMs) moimted on the optical bench on opposite sides of the IFD 
jmodule, and (iiika 2-D PLIB micro-oscillation mechanism arranged with each PLIM, and 
imploying a micro^sdUating multi-faceted cylindrical lens array structure (adapted for mioo- 
loscillation about flie\ptical axis of the VLD's laser illumination beam and along the planar 
txtent of the PLIB) ank a stationary cylindrical lens array, configured together as an optical 
bly as shown, for W piupose of micro-oscillating the PUB laterally along its planar 
xtent while miao-osdllatute die PLIB trarisversely along the direction orthogonal thereto, so 
it during illumination operation, the PLIB transmitted from each PUM is spatial phase 
lodulated along the planar exttent thereof as well as along the direction orthogonal thereto, 
rausing the phase along the wavefront of each transmitted PLIB to be modulated in two 
orthogonal dimensioiis and numek)us substantially different time-varying speckle-noise 
patterns to be produced at the verti^Uy-elongated image detection elements of the IFD 
Subsystem during the photo-integration^aime period thereof, so that these niunerous time- 
arying speckle-noise patterns can be tentoorally and spatially averaged during the photo- 
integration time period of the image detectioivfif^, thereby reducing the RMS power level of 
;peckle-noise patterns observed at the image d^^on array. 



135. A PLIIM-based system 
subsystem, comprising (i) an image for 



lyiftg an speckle-pattern noise reduction 
atioH and (detection (IFD) module mounted on an 



35 



optical bench and having a linear (ID) image sensor with vertically-elongated image detection 
elements characterized by a large height-to-width (H/W) a^ect ratio, (ii) a pair of planar laser 
illumination modules (PLIMs) mounted on the optical bekch on opposite sides of the IFD 
lodule, and (iii) a hybrid-type PUB modulation mechanisnmrranged with each PLIM, and 
employing a temporal-intensity modulation panel, a stationarjAcylindrical lei\s array, and a 
icro-oscillating PUB reflection element configured together as aiv^ptical assembly as shovm, 
br the purpose of temporal intensity modulating the PUB imiforii% along its planar extrat 
/hile micro-oscillating the PLIB transversely along tiie direction ortHbgonal thereto, so that 
luring illumination operations, the PLIB transmitted from each POM is spatial phase 
lodulated along the planar extent thereof during micro-osdllation aWg the direction 
orthogonal thereto, thereby producing numerous substantially different timeVarying speckle- 
noise patterns at the vertically-elongated image detection elements of the IFD SuWstem diuing 
le photo-integration time period thereof, so that these numerous time-varying %eckle-noise 
patterns can be temporally and spatially averaged during the photo-integration time^riod of 
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the ima^ detection array, thereby reducing the RMS power level of speckle-noise patterns 
observed a^the image detection array. 

136. X PLIIM-based system embodying an speckle-pattern noise reduction 
subsystem, composing (i) an image formation and detection (EFD) module mounted on an 
optical bench and Wiving a linear (ID) image sensor vdth vertically-elongated image detection 
elements characterizeds^y a large height-to-width (H/ W) aspect ratio, (ii) a pair of planar laser 
illumination modules (PLIMs) moimted on the optical bench on opposite sides of the IFD 
module, and (iii) a hybrid^tvpe PUB modulation mechanism arranged with each PUM, and 
employing a temporal-inten^ihr modulation panel, a stationary cylindrical lens array, and a 
micro-oscillating PUB reflectioi^element configured togettier as an optical assembly as shown, 
for the purpose of temporal inter^ty modulating the PUB uniformly along its planar extent 
while micro-oscillating the PLIB traWersely along the direction orthogonal thereto, so that 
during illumination operations, the^IB transmitted from each PLIM is spatial phase 
modulated along the planar extent th^eof during micro-oscillation along the direction 
orthogonal tiiereto, thereby producing nun^us substantially different time-varying speckle- 
noise patterns at the vertically-elongated imageMetection elements of the IFD Subsystem during 
the photo-integration time period thereof, so thai these numerous time-varying speckle-noise 
patterns can be temporally and spatially averaged during the photo-integration time period of 
the image detection array, thereby reducing tf\e Rl^povi^ier level of speckle-noise patterns 
observed at the image detection array. 

137, A PLIIM-basW system emboi^mg an s^kle-pattem noise reduction 
subsystem, comprising (i) aii image formation and detection (ffD) module mounted on an 
optical bench and having a linear (ID) image sensor with verticallWlongated image detection 
elements characterized by a large height-to-widtii (H/W) aspect ratioMii) a pair of planar laser 
illumination modules (PUMs) mounted on the optical bench on opposite sides of the IFD 
module, and (iii) a hybrid-type PUB modulation mechanism arranged wWt each PUM, and 
employing a visible mode-locked lal^r diode (MLLD), a stationary cylindricalJens array, and a 
micro-oscillating PLIB reflection element configured together as an optical assmbly as shown, 
for the purpose of producing a temporal intensity modulated PUB while micro-osdllating the 
PUB transversely along the direction orthogonal to its planar extent, so that during i^m^ 
operations, the PLIB transmitted from each PUM is spatial phase modulated along tl^planar 
extent thereof during micro-oscillatioA along the direction orthogonal thereto, tl^eby 
producing numerous substantially diffeVent time-varying speckle-noise patterns at 
vertically-elongated image detection elei\ents of tfie IFD Subsystem during the photc 
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integratiorktime period thereof, so that these numerous time-varying speckle-noise patterns can 
be temporary and spatially averaged during the photo-integration time period of the image 
detection arra\ thereby reducing the RMS power level of speckle-noise patterns observed at the 
image detection anray. 

138. A PUlM-based system embodying an speckle-pattern noise reduction 
subsystem, comprisingUi) an image formation and detection (IFD) module mounted on an 
optical bench and having^ linear (ID) image sensor with vertically-elongated image detection 
elements characterized by a^^arge height-to-width (H/W) aspect ratio, (ii) a pair of planar laser 
illumination modules (PLIM^^ moimted on the optical bench on opposite sides of the IFD 
module, and (iii) a hybrid-type^UB modulation mechanism arranged with each PUM, and 
employing a visible laser diode (\lD) driven into a high-speed frequency hopping mode, a 
stationary cylindrical lens array, and a micro-oscillating PLIB reflection element coirfigured 
together as an optical assembly as shoWn, for the purpose of producing a temporal frequency 
modulated PUB while micro-osdllating flhe PUB transversely along the direction orthogoital to 
its planar extent, so that during illumination operations, ttie PUB transmitted from each PUM 
is spatial phase modulated along the planar\xtent thereof during micro-oscillation along the 
direction orthogonal thereto, thereby producingi^iunerous substantially different time-varying 
speckle-noise patterns at the vertically-eloix^^^ image detection elements of the IFD 
Subsystem diuing the photo-integration timl^^^^m thereof, so that these nxmierous time- 
varying speckle-noise patterns can be ten^pajiy and spatially averaged during the photo- 
integration time period of the image detectilm ^' thereby reducing the RMS power level of 
speckle-noise patterns observed at the image detection arra A 

139. A PUIM-based system embodying an spetkle-pattern noise reduction 
subsystem, comprising (i) an image formation and detection (EFD) module moimted on an 
optical bench and having a linear (ID) image sensor with vertically-elongated image detection 
elements characterized by a large height-to-width (H/W) aspect ratio,N(ii) a pair of planar laser 
illumination modules (PUMs) mounted on the optical bench on ophite sides of the IFD 
module, and (iii) a hybrid-type PUB modiilation mechanism arranged \yith each PLIM, and 
employing a micro-oscillating spatial intensity modulation array, a statioi^a^ cylindrical lens 
array, and a micro-pscillating PUB reflection element configured togethe^as an optical 
assembly as shown, for the purpose of producing a spatial intensity modulated PLIB while 
micro-oscillating the PUB transversely along the direction orthogoiwl to its planar extent, so 
that dtuing illiimination operations, the PUB transmitted from each PUM is spatial phase 
modulated along the planar extent thereof during micro-oscillation along the ^ection 
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ormbgonal thereto, thereby producing numerous substantially different time-varying speckle- 
nois^pattems at the vertically-elongated image detection elements of the IFD Subsystem during 
the photo-integration time period thereof, so that these numerous time-varying speckle-noise 
pattemsVan be temporally and spatially averaged during the photo-integration time period of 
the imageydetection array, thereby reducing the RMS power level of speckle-noise patterns 
observed atVhe image detection array. 

140. \a PLHM-based hand-supportable linear imager which contains within its 
housing, a PUiM-based image capture and processing engine comprising a dual-VLD PUA 
and a 1-D (i.e. liiiiear) image detection array with vertically-elongated image detection elements 
and configured within an optical assembly that operates in accordance with the first generalized 
method of speckle-p'attern noise reduction of the present invention, and which also has 
integrated with its housing, a LCD display panel for displaying images captured by said engine 
and information provided by a host computer system or other information supplying device, 
and a manual data entry keypad for manually entering data into the imager during diverse 
types of information-related trjansactions^ supported- by the FUIM-based hand-supportable 
imager. 

141. A manually-activated ELHM hand-supportable linear imager configured 
wijth (i) a linear-t5rpe image f ormationl and detection (IFD) module having a linear image 
detection array with vertically-elonmted image detection elements and fixed focal length/fixed 
focal distance image formation optics, (ii) a manually-actuated trigger switch for manually 
activating the planar laser illumination arrays (driven by a set of VLD driver circuits), the 
linear-type image formation and detection (IFD) module, the image frame grabber, the image 
data buffer, and the image processing computer, via the camera control computer, upon manual 
activation of the trigger switch, and capturing images of objects (i.e. bearing bar code symbols 
and other graphiccd indicia) through the fixed focal lengttt/fixed focal distance image fcmnation 
optics, and (iii) a LCD display panel and a data entry ke)rpad for supporting diverse types ol 
transactions using tit\e PLIIM-based hand-supportable imager^ 

142. An automatically-activated PLIIM-based hand-supportable linear imager 
configured with (i) a linear-type image formation and detection (ffD) module having a linear 
image detection array with vertically-elongated image detectior^elements and fixed focal 
length/ fixed focal distance image formation optics, (ii) an IR-based obj^t detection subsystan 
within its hand-supportable housing for automatically activating upon detection of an objf^ in 
its IR-based object detection field, the planar laser illumination arrays (driven by a set of VLD 
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driver ctfisjiits), the linear-type image formation and detection (IFD) module, as well as the 
age\rame grabber, the image data buffer, and the image processing computer, via the camera 
control \omputer, (ii) a manually-activatable switch for enabling transmission of symbol 
aracter oata to a host computer system upon decoding a bar code symbol within a captured 
age frame\and (iii) a LCD display panel and a data entry keypad for supporting diverse 
yes of transactioi\s using the PUIM-based hand-supportable imager. 
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143. An aiitomatically-activated PLIIM-based hand-supportable linear imager 
configured with (i) a^Unear-type imiage formation and detection (IFD) module having a linear 
kmage detection anay \vith vertically-elongated image detection elements and fixed focal 
[length/fixed focal distance, image formation optics, (ii) a laser-based object detection subsystem 
ithin its hand-supportable^housing for automatically activating the planar laser illumination 
rays into a full-power mode of operation, the linear-tjq>e image formation and detection (DFD) 
lodule, the image frame grabb^k the image data buffer, and the image processing computer, 
ia the camera control computer, up^on automatic detection of an object in its laser-based object 
detection field, (iii) a manually-activatable switch for enaBBhg transmission of symbol character 
lata to a host computer system upon decoding a bar code symbol within a captured image 



rame; and (iv) a LCD display panel and a data entry keypad for supporting diverse types of 



ransactions using the PLDM-based hand-supp6rtaj?le 




144. An automatically-activated fLiM-based hand-supportable linear imager 

configured with (i) a linear-type image formation and detection (IFD) module having a linear 

I ■ ■ \ 

Image detection array with vertically-elongated image detection elements and fixed focal 
^ength/ fixed focal distance image formation optics, (ii) anWbient-light driven object detection 
subsystem within its hand-supportable housing for automatically activating the planar laser 
lumination arrays (driven by a set of VLD driver circuits), the linear-type image formation and 
detection (IFD) module, the image frame grabber, the image\data buffer, and the image 
processing computer, via the camera control computer, upon autoojiatic detection of an object 
da ambient-light detected by object detection field enabled by the ima^e sensor within ttie IFD 
lodule, (iii) a manually-activatable switch for enabling transmission of s^ymbol character data 
a host computer system upon decoding a bar code symbol within a captured image frame, 
md (iv) a LCD display panel and a data entry keypad for supporting^ diverse types of 
ransactions using tite PUIM-based hand-supportable imager. 
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145. An automatically-activated PUIM-based hand-supportable linear imager 
^nfigured witti (i) a linear-type image formation and detection (IFD) module having a linear 
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image detection anay with vertically-elongated image detection elements and fixed focal 
llength/fixed focal distance image formation optics, (ii) an automatic bar code symbol detection 
subsystem Vithin its hand-supportable housing for automatically activating the image 
processing copiputer for decode-processing upon automatic detection of an bar code symbol 
athin its barcode symbol detection field enabled by the image sensor within the IFD module, 
|(ui) a manually\ctivatable switch for enabling transmission of symbol character data to a host 
computer systemVpon decoding a bar code symbol within a captured image frame, and (iv) a 
display panekand a data entry keypad for supporting diverse types of transactions usii^ 
I PLHM-based haiM-supportable imager. 



146. A manua^activated PUIM-based hand-supportable linear imager configured 
/ith (i) a linear-type imagk formation and detection (IFD) module having a linear image 
ietection array with vertically-elongated image detection elements and fixed focal 
[length/variable focal distance iim^ge formation optics, (ii) a manually-actuated trigger switch 
tor manually activating the planar\iser illumination arrays (driven by a set of VLD driver 

its), fhe linear-type image formati^and detection (IFD) module, ttte image fi!ame.grabber^ 
\e image data buffer, and the image processing computer, via the camera control computer, 
ipon manual activation of the trigger switdV a^ capturing images of objects (i.e. bearing bar 
code symbols and other graphical indicia) to^^i the fixed focal length/fixed focal distance 
ige formation optics, and (iii) a LCD ^U!$)lay p^nel and a data entry keypad for supportii^ 
iverse types of transactions using the FLIIM-based W\d-supportable imager. 

147. An autom|tf^ally-activated PLIIM-bas^ hand-supportable linear imager 
configured with (i) a lineaV-type image formation and detection (IFD) module having a linear 
[image detection array wim vertically-elongated image detection elements and fixed focal 
^ength/variable focal distWe image formation optics, (ii^Un IR-based object detection 
subsystem within its hand-supportable housing for automatically^ctivating upon detection of 

object in its IR-based objecf\detection field, the planar laser iUummation arrays (driven by a 
: of VLD driver circuits), the Imear-type linage formation and detecuWi (IFD) module, as weQ 
the image frame grabber, the image data buffer, and the image proces^g computer, via the 
lera control computer, (ii) a mamially-activatable sv^dtch for enabling transmission of symbd 
racter data to a host computer system upon decoding a bar code symbol within a captured 
ige frame, and (iii) a LCD display panel and a data entry keypad for supporting diverse 
► of transactions using the PIUM-based hand-supportable imager. 
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An automatically-activated PLIIM-based hand-supportable linear imager 
configure3^with (i) a linear-type image formation and detection (IFD) module having a linear 
image detection array with vertically-elongated image detection elements and fixed focal 
ength/variabk focal distance image formation optics, (ii) a laser-based object detection 
subsystem withm its hand-supportable housing for automatically activating the planar laser 
illumination arraA into a full-power mode of operation, the linear-type image formation and 
detection (IFD) module, the image frame grabber, the image data buffer, and the image 
processing computer,Via the camera control computer, upon automatic detection of an object in 
its laser-based objec^etection field, (iii) a manually-activatable switch for enabling 
transmission of Sjonbol ^racter data to a host computer system upon decoding a bar code 
symbol within a captured in^ge frame, and (iv) a LCD display panel and a data entry keypad 
for supporting diverse types of^^msactions using the PLIIM-based hand-supportable imager, 

149. An automatically-activated PLIIM-based hand-supportable linear imager 
configured with (i) a linear-type imagk^formation and detection (IFD) module having a linear 
image detection array vdtibiJirertically-ebngated image detection elements and fixed focal 
ength/variable focal distance image formation optics, (ii) an ambient-light driven object 
detection subsystem within its hand-suppoWable housing for automatically activating the 
planar laser illumination arrays (driven by a sefe^VLD driver circuits), the linear-type image 
formation and detection (IFD) module, the image/Same grabber, the image data bxiffer, and the 



image processing computer, via the cat 



)mputer, upon automatic detection of an 



object via ambient-light detected by object detection field enabled by the image sensor within 
the IFD module, and (iii) a manually-activatable switcher enabling transmission of symbol 
character data to a host computer system upon decoding a^ar code symbol within a captured 
image frame. 

150. An automatically-activated PLIIM-based han^supportable linear imager 
configiu'ed with (i) a linear-type image formation and detection (ffiD) module havi|^ a linear 
image detection array with vertically-elongated image detection ^ments and fixed focal 
length/variable focal distance image formation optics, (ii) an automatic bar code symbol 
detection subsystem within its hand-supportable houising for automatical^ activating the image 
processing computer for decode-processing upon automatic detection ofW bar code symbol 
within its bar code symbol detection field enabled by the image sensor within the IFD module, 
(iii) a manually-activatable switch for enabling transmission of symbol character data to a host 
computer system upon decoding a bar code symbol within a captured image fra^, and (iv) a 
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LCV display panel and a data entry keypad for supporting diverse types of transactions using 
the I\IIM-based hand-supportable imager. 

151. A manually-activated PLIIM-based hand-supportable linear imager configured 
with (i) a linear-type image formation and detection (IFD) module having a linear image 
detection array with vertically-elongated image detection elements and variable focal 
ength/variablie focal distance image formation optics, (ii) a manually-actuated trigger switch 
for manually activating the planar laser illumination arrays (driven by a set of VLD driver 
circuits), the linear^ype image formation and detection (IFD) module, the image frame grabber, 
the image data buffeK# and the image processing computer, via ttie camera control computer, 
upon manual activationsof the trigger switch, and capturing images of objects (i.e. bearing bar 
code symbols and other g^phical indicia) through the fixed focal length/fixed focal distance 
image formation optics, and (in) a LCD display panel and a data entry keypad for supporting 
diverse types of transactions usin^^e PUIM-based hand-supportable imager. 

152. An automatically-activated PLIIM-based hand-supportable linear imager 
configured with (i) a linear-type image tferaiation and detection (IFD) module having a linear 
image detection array with vertically-elon^^^age detection elements and variable focal 
ength/variable focal distance image fj^rajdon optics, (ii) an IR-based object detection 
subsystem within its hand-supportable Ifouangior automatically activating upon detection of 
an object in its IR-based object detection field, thaplanar laser illumination arrays (driven by a 
set of VLD driver circuits), the linear-type image foWation and detection (IFD) module, as well 
as the image frame grabber, the image data buffer, and the image processing computer, via the 
camera control computer, (ii) a manually-activatable switch for enabling transmission of symbol 
character data to a host computer system upon decodir^ a bar code s5mibol within a captured 
image frame, and (iii) a LCD display panel and a data\ntry keypad for supporting diverse 
types of transactions using the FIUM-based hand-supportal^ imager. 

153. An automatically-activated PLIIM-based h^d-supportable linear imager 
configured with (i) a linear-type image formation and detectionVlFD) module«.having a linear 
image detection array with vertically-elongated image detection\lements and variable focal 
length/variable focal distance image formation optics, (ii) a laSer-based object detection 
subsystem within its hand-supportable housing for automatically activating the planar laser 
illumination arrays into a full-power mode of operation, the linear-type image formation and 
detection (IFD) module, the image frame grabber, the image data buffer, and the image 
processing computer, via the camera control computer, upon automatic detection of an object in 
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itsVaser-based object detection field, (iii) a manually-activatable switch for enabling 
tran^nission of symbol character data to a host computer system upon decoding a bar code 
symboWifhin a captured image frame, and (iv) a LCD display panel and a data entry keypad 
for supposing diverse types of transactions using the PLOM-based hand-supportable imager. 

154. \An automatically-activated PLIIM-based hand-supportable linear imager 
configured witk (i) a linear-type image formation and detection (IFD) module having a linear 
image detection Vray with vertically-elongated image detection elements and variable focal 
ength/variable focal distance image formation optics, (ii) an ambient-light driven object 
detection subsystemNvithin its hand-supportable housing for automatically activating the 
planar laser illuminatiokarrays (driven by a set of VLD driver circuits), the linear-tsrpe image 
ormation and detection (UvD) module, the image frame grabber, the image data buffer, and the 
image processing computer,\ia the camera control computer, upon automatic detection of an 
object via ambient-light detected by object detection field enabled by the image sensor within 
the IFD module, (iii) a manuallWactivatable switch for enabling transmission of symbol 
character data to a host computer system^pon decoding a bar Ockle symbol within a captured 
image frame, and (iv) a LCD display^ajid a^ a data entry keypad for supporting diverse 
types of transactions using the PLID|FbiKea^ imager. 

155. An automatically-activated PLIIM-based hand-supportable linear imager 
configured with (i) a linear-type image formatiomand detection (IFD) module having a linear 
image detection array with vertically-elongated inmge detection elements and variable focal 
length/variable focal distance image formation optic^ (ii) an automatic bar code symbol 
detection subsystem within its hand-supportable housing fbr automatically activating the image 
processing computer for decode-processing upon automaticMetection of an bar code symbol 
within its bar code symbol detection field enabled by the image^sensor within the IFD module, 
(iii) a manually-activatable switch for enabling transmission of syn\bol character data to a host 
computer system upon decoding a bar code symbol within a captured image frame, and (iv) a 
LCD display panel and a data entry keypad ior supporting diverse types of transactions using 
the PIUM-based haiid-supportable imager. 

156. A PLIIM-based image capture and processing engines wim linear image 
detection array having vertically-elongated image detection elements and ^n integrated 
despeckling mechanism. 



-449- 



Attorney Case N^H .^27USA000 



7. A PLIIM-based image capture and processing engine for use in a hand- 
supportal^le imager. 

158. \ A PLIIM-based image capture and processing engine for use in the hand- 
supportable miagers, presentation scanners, and the like, comprising PUAs, and IFD (i-c. 
camera) subsystem and associated optical components mounted on an optical-bench/multi- 
layer PC board, contained between the upper and lower portions of tt\e engine housing. 

159. A PLMM-based hand-supportable linear imager which contains within iis 
housing, a PUIM-based image capture and processing engine comprising a dual-VLD PUA 
and a linear image deletion array with vertically-elongated image detection elements 
coi\figured within an opticakassembly that provides a despeckling mecharusm which operates 
in accordance with the first ge^alized method of specklepattem noise reduction. 



160. A PLIIM-based haitd-supportable linear imager which contains within ib 
housing, a PLIIM-based image captu^ and processing engine comprising a dual-VLD PUA 



and a linear image detection array h< 
configured within an optical assembly wl 



in accordance with the first generalized meth 



vertically-elongated image detection elements 
provides a despeckling mechanism that operates 
* speckle-pattern noise reduction. 



161. A PLIIM-based image capture and processing engine for use in the hand- 
supportable imagers, presentation scaimers, and the like, comprising a dual-VLD PLIA and a 
linear image detection array having vertically-elongated image detection elements configured 
within an optical assembly which employs high-resolution deformable mirror (DM) structure 
which provides a despeckling mechanism that operates in accordance with the first generalized 
method of speckle-pattern noise reduction. 

162. A PLIIM-based image capture and processin^engine for use in ttie haikt- 
supportable imagers, presentation scaimers, and the like, comprising a dual-VLD PUA and a 
linear image detection array having vertically-elongated image deletion elements configured 
within an optical assembly that employs a high-resohition phasekpnly LCD-based phase 
modulation panel which provides a despeckling mechanism that operates in accordance with 
the first generalized method of speckle-pattern noise reduction. 

163. A PLIIM-based image capture and processing engine for\ise in the hand- 
supportable imagers, presentation scanners, and the like, comprising a dual- v\D PUA and a 
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inear ilEnage detection array having vertically-elongated image detection elements configured 
within aivoptical assembly that employs a rotating multi-faceted cylindrical lens array structure 
which provutes a despeckling mechanism that operates in accordance with the first generalized 
method of speode-pattem noise reduction. 

164. A PftHM-based image capture and processing engine for use in the hand- 
supportable imagers, presentation scanners, and the like, comprising a dual-VLD PLIA and a 
linear image detection aVay having vertically-elongated image detection elements configured 
wittun an optical assembly ihat employs a high-speed temporal intensity modtilation panel (ie. 
optical shutter) which provides a despeckling mechanism that operates in accordance witti the 
second generalized method of spedde-pattem noise reduction. 

165. A PLIIM-based imageU:apture and processing engine for use in the hand- 
supportable imagers, presentation scanners, and the like, comprising a dual-VLD PLIA and a 
linear image detection array having vertiodly-elongated image detection elements configured 
within an optical assembly that employs visible mode-locked laser diode (MLLDs) whid\ 
provide a despeckling mechanism that operates in accordance with the second method 
generalized method of speckle-pattern noise reducttQn. 

166. A PLHM-based image capture and prtKiessing engine for use in the hand- 
supportable imagers, presentation scanners, and the like,\omprising a dual-VLD PLIA and a 
linear image detection array having vertically-elongated inWe detection elements configured 
within an optical assembly that employs an optically-reflecttVe temporal phase modulating 
structure (i.e. etalon) which provides a despeckling mechanism that operates in accordance with 
the third generalized method of speckle-pattern noise reduction. 

167. A PUIM-baded^mage capture and processing engineer use in the hand- 
supportable imagers, presentation se^imers, and the like, comprising a dua^-VLD PLIA and a 
linear image detection array maving vertically-elongated image detection elements configured 
within an optical assembly tr^t employs a pair of reciprocating spatial intensn^ modulaticm 
panels which provide a despec^Ung mechanism that operates in accordance with the fififa 
method generalized method of spedde-pattem noise reduction. 

168. A PLIIM-based image cagture and processing engine for use in the li^d- 
supportable imagers, presentation scannersWid the like, comprising a dual-VLD PLIA and 
linear image detection arriay having vertically^elongated image detection elements configured^ 
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within an ototical assembly that employs spatial intensity modulation aperture which provides a 
despeckling A£chanism that operates in accordance with the sixth method generalized method 
of speckle-patter^ noise reduction. 

169. A PU^-based image capture and processing engine for use in the hand- 
supportable imagers, ptesentation scanners, and the like, comprising a dual-VLD PUA and a 
linear image detection array having vertically-elongated image detection elements configured 
within an optical assemble that employs a temporal intensity modulation aperture which 
provides a despeckling medWism that operates in accordance with the seventh generalized 
metiiod of speckle-pattern noise reduction. 

170. A PLHM-based hand-supportable imagers having a 2D PLHM-based engines and 
an integrated desF>eckling mechanism 

171. A hand-supportable imager havmg a housing containing a PUIM-based image 
capture and processing engine compnsingMdualr^ PUA, arid a 2-D (area-type) imag^ 
detection array configured within an ojpd^i^ssembly that employs a micro-oscillating 
cylindrical lens array which provides a (MsieckBing mechanism that operates in accordance 
with the first generalized method of sp|ckie-pattl^ noise reduction, and which also has 
integrated with its housing, a LCD display panel for dismaying images captured by said engine 
and information provided by a host computer system or (^er information supplying device, 
and a manual data entry keypad for manually entering data^into the imager diuing diverse 
types of information-related transactions supported by the PUIM-based hand-supportable 
imager. K 

172. A hand-supportable imager having a housing containiitg a PUIM-based image 
capture and processing engine comprising a dual-VLD PLIA and an area! image detection array 
configured within an optical assembly which employs a micro-oscillating light reflective 
element that provides a despeckling mechaiii^ that operates in accord^ce with the first 
generalized method of speckle-pattem noise reduction, and which also has integrated with its 
housing, a LCD display panel for displaying images captured by said engine and onformation 
provided by a host computer system or other iirformation suppl)ang device, and a manual data 
entry keypad for manually entering data into the imager during diverse types of iiif(ntnation- 
related transactions supported by the PLHM-based hand-supportable imager. 
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173. \ A hand-supportable imager having a housing containing a PLIIM-based image 
capture and processing engine comprising a duai-VLD PLIA and a 2-D image detection array 
configured withm an optical assembly that employs an acousto-electric Bragg cell structure 
which provides a ^speckling mechanism that operates in accordance with the first generalized 
method of speckle-pa^em noise reduction, and which also has integrated witti its housing, a 
LCD display panel for displajang images captured by said engine and information provided by 
a host computer systenvbr other information supplying device, and a manual data entry 
ceypad for manually enterint^ data into ttie imager during diverse types of information-related 
transactions supported by the PLDM-based hand-supportable imager. 




174. A hand-supportableMmager having a housing containing a PlUM-based image 
capture and processing engine comprising a dual-VLD PLIA and a 2-D image detection array 
configured within an optical assembly^hat employs a high spatial-resolution piezo-electric 
driven deformable mirror (DM) structure which provides a despeckling mechanism that 
operates in accordance with the first geneWijze^ method of speckle-pattern noise reduction, 
and which also has integrated with its housmg/ a LQ> display panel for displaying images 
captured by said engine and information/pro^ided by a host computer system or other 
information supplying device, and a n\art^ data Wry keypad for manually entering data into 
the imager dming diverse types of info^mation|•^ela^d transactions supported by the PUIM- 
based hand-supportable imager. If 

175. A hand-supportable imager having a housink containing a PLHM-based image 
capture and processing engine comprising a dual-VLD PLIA ^^d a 2-D image detection array 
configured within an optical assembly that employs a spatial-oi^y liquid crystal display (PO 
LCD) type spatial phase modulation panel which provides a despeckling mechanism that 
operates in accordance with the first generalized method of speckl^pattem noise reduction, 
and which also has integrated with its housing, a LCD display panelxfor displaying images 
captured by said engine and information provided by a host compu|er system or other 
information supplying device, and a manual data entry keypad for manually^ entering data into 
the imager diuing diverse types of information-related transactions supportW by the PUIMc 
based hand-supportable imager.. 




176, A hand-supportable imager having a housing contaiiung a PLIIM-based image 
capttire and processing engine comprising a dual-VLD PLIA and a 2-D image detectio^ array 
configured within an optical assembly that employs a visible mode locked laser diode (N^^D) 
which provides a despeckling mechanism that operates in accordance wifii the second 



Attorney Case N< 



J7USA000 



generalized method of speckle-pattern noise reduction, and which also has integrated with its 
housing, a DCD^ display panel for displaying images captured by said engine and information 
provided by a V)st computer system or other information supplying device, and a manual data 
entry keypad fonmanually entering data into the imager during diverse types of information- 
related transaction^^pported by the PLDM-based hand-supportable imager. 

177. A hand-s\H>portable imager having a housing containing a PUIM-based image 
capture and processing en)nne comprising a dual-VLD PLIA and a 2-D image detection array 
configured within an opticalS^ssembly that employs an electrically-passive optically-reflective 
cavity (i.e. etalon) which provides a despeckling mechanism that operates in accordance wifli 
the third method generalized me^iod of speckle-pattern noise reduction, and which also has 
integrated with its housing, a LCD d^play panel for displaying images captured by said engine 
and information provided by a host ownputer system or other information supplying device, 
and a manual data entry keypad for manually entering data into the imager during diverse 
types of information-related transactions Supported by the PUIM-based hand-supportable 
imager. 

178. A hand-supportable imager having^ b^ousing containing a PLDM-based image 
capture and processing engine comprising a dual-VB© PLL\ and a 2-D image detection array 
configured wittiin an optical assemj^ly fliat employs/a pair of micro-oscillating spatial intensity 
modulation panels which provide a despecklmg njechar^^ that operates in accord^n^ with 
the fifth method generalized method of speckle-pattern no^e reduction, and which also has 
integrated with its housing, a LCD display panel for displayingJmages captured by said engine 
and information provided by a host computer system or other Information supplying device, 
and a manual data entry keypad for manually entering data into\the imager during diverse 
types of information-related transactions supported by the PLHM-^ased hand-supportable 
imager. 

179. A hand-supportable imager having a housing containing a PlflM-based imag^ 
capture and processing engine comprising a dual-VLD PLIA and a 2-D imagkdetection array 
configured within an optical assembly that employs a electro-optical or mechanically rotating 
aperture (i.e. iris) disposed before the entrance pupil of the IFD module, whiclrprovides a 
despeckling mechanism that operates in accordaike with the sixth method generaUzeilmethod 
of speckle-pattern noise reduction, and which also has integrated with its housing,\ LCD 
display panel for displaying images captured by saicl engine and information provided mr a 
host computer system or other information supplying deyice, and a manual data entry keypk 
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for maitually entering data into the imager during diverse types of information-related 
transactic^ supported by the PLHM-based hand-supportable imager. 

180. \ A hand-supportable imager having a housing containing a PUIM-based image 
capture and pWessing engine comprising a dual-VLD PUA and a 2-D image detection array 
configured within an optical assembly that employs a high-speed electro-optical shutter 
disposed beforeXthe entrance pupil of the IFD module, which provides a despeckling 
mechanism tiiat operates in accordance with the seventh generalized method of speckle-patten 
noise reduction, aitd which also has integrated with its housing, a LCD display panel for 
displaying images caphired by said engine and information provided by a host computer 
system or other informaflOTi supplying device, and a manual data entry keypad for manually 
entering data into the iirWer during diverse types of information-related transactions 
supported by the PUIM-based \and-supportable imager. 

181. A manually-activatedJPLIIM-based hand-supportable linear imager configured 
with (i) a linear-type (le^lDXimage fcmnation and detection (IFD) module having a fixed focal 
length/fixed focal distance image formation optics with a field of view (FOV), (ii) a manually- 
actuated trigger switch for manually a^iytfng^the planar laser illumination array (to 
producing a PLIB in coplanar arrangement ^^iAe^id FOV), the linear-type image formation and 
detection (IFD) module, the image frapfce- grabber, the image data buffer, and the image 
processing computer, via the camera control computer, upon response to the manual activation 
of the trigger switch, and capturing images of obj^ (i.e, bearing bar code symbols and other 
graphical indicia) through the fixed focal length/fixed focal distance image formation optics, 
and (iii) a LCD display panel and a data entry keypad for supporting diverse types of 
transactions using the PLIIM-based hand-supportable imaj 

182. An automatically-activated PLIIM-based ha\d-supportable linear imager 
configiured with (i) a linear-type image formation and detectiori(IFD) module having a fixed 
focal length/fbced focal distance image formation optics with a field of view (FOV), (ii) an IR- 
based object detection subsystem within its hand-supportable iWsing for automatically 
activating upon detection of an object in its IR-based object detectiokfield, the planar laser 
illiunination array (to produce a PLIB in coplanar arrangement with saicTFOV), the linear-type 
image formation and detection (IFD) module, as well as the image frame^abber, the image 
data buffer, and the image processing computer, via the camera controHcomputer, (ii) a 
manually-activatable switch for enabling transmission of symbol character\ata to a host 
computer system upon decoding a bar code symbol within a captured image frame, and (iii) a 
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LC^display panel and a data entry keypad for supporting diverse types of transactions using 
the PDDM-based hand-supportable imager. 

1^ An automatically-activated PLIIM-based hand-supportable linear imager 
configured Vith (i) a linear-type image formation and detection (IFD) module having a fixed 
focal length/fixed focal distance image formation optics with a field of view (FOV), (ii) a laser- 
based object dWction subsystem within its hand-supportable housing for automatically 
activating tite plaW laser illiunination array into a full-power mode of operation (to produce a 
PLIB in coplanar afiwingement with said FOV), the linear-type image formation and detection 
(IFD) module, the image frame grabber; the image data buffer, and tihe image processing 
computer, via the camer^control computer, in response to the automatic detection of an object 
in its laser-based object ^tection field, (iii) a manually-activatable switch for enabling 
transmission of symbol character data to a host computer system upon decoding a bar code 
symbol within a captured imagi^^ame; and (iv) a LCD display panel and a data entry keypad 
for supporting diverse types of traii^tions using the PUIM-based hand-supportable imager. 

184. An automaticaUy-activatedJPlJ^ hand-supportable linear imager shown 
configured with (i) a linear-type image j and detection (IFD) module having a fixed 
focal length/fixed focal distance im^' foti^a^on optics with a field of view (FOV), (ii) an 
ambient-light driven object detection subsystem within its hand-supportable housing for 
automatically activating the planar laser illumination array (to produce a PLIB in coplanar 
arrangement with said FOV), the area-type image fonnation and detection (IFD) module, the 
[mage frame grabber, the image data buffer, and the image processing computer, via the camera 
control computer, upon automatic detection of an object via ambient-light detected by object 
detection field enabled by the image sensor within the IFD module, (iii) a manually-activatable 
switch for enabling transmission of symbol character data t(^ a host computer system in 
response to decoding a bar code symbol within a captured image frame, and (iv) a LCD display 
panel and a data entry keypad for supporting diverse types of tra^actions using the PUIM- 
based hand-supportable imager. \^ 

185. An automatically-activated PLIIM-based hand-supportable linear imager 
configured with (i) a linear-type image formation and detection (IFD) moWe having a fixed 
focal length/fixed focal distance image formation optics witii a field of view (FOV), (ii) an 
automatic bar code symbol detection subsystem within its hand-supportaG^le housing for 
automatically activating the planar laser illumination array (to produce a PLIB in coplanar 
arrangement with said FOV), tiie image processing computer for decode-processingJn response 
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to th^automatic detection of an bar code symbol within its bar code symbol detection field 
enablea by the image sensor within the IFD module, (iii) a manually-activatable switch for 
enabling transmission of symbol character data to a host computer system in response to 
decodingVa bar code symbol within a captured image frame, and (iv) a LCD display panel and a 
data entry\eypad for supporting diverse types of transactions using the PUIM-based hand- 
supportable unager. 

186. A flwnually-activated PlUM-based hand-supportable linear imager configured 
with (i) a linear -Qroe image formation and detection (IFD) module having a fixed focal 
length/variable focalWistance image formation optics with a field of view (FOV), (ii) a 
manually-actuated triggCT switch for manually activating the planar laser illumination (to 
produce a planar laser illiAnination beam (PUB) in coplanar arrangement with said FOV), the 
linear-type image formationVid detection (IFD) module, the image frame grabber, the image 
data buffer, and the image processing computer, via the camera control computer, in response 
to the manual activation of the tr^ger switch, and capturing images of objects (i.e. bearing bar 
code symbols and other grapWcalWdicia) through the fixed focal length/fixed focal distance 
image formation optics, and (iii) a IJCD display panel and a data entry keypad for supporting 
diverse types of transactions using the PUIM-based hand-supportable imager. 

187. An automatically-activalJffl^ ?L^M-based hand-supportable linear imager 
configured with (i) a linear-type image ftrkation and detection (IFD) module having a fixed 
focal length/variable focal distance image foiWation optics with a field of view (FOV), (ii) an 
IR-based object detection subsystem within itsUiand-supportable housing for automatically 
activating in response to the detection of an objl^t in its IR-based object detection field, the 
planar laser illumination array (to produce a PUB iX coplanar arrangement with said FOV), the 
linear-type image formation and detection (IFD) module, as well as the image frame grabber, 
the image data buffer, and the image processing computer, via the camera control computer, (ii) 
a manually-activatable switch for enabling transmissi<m^ of symbol character data to a host 
computer system in response to decoding a bar code symbol within a captured image frame, 
and (iii) a LCD display panel and a data entry keypad Tbr supporting diverse types of 
transactions using the PUIM-based hand-supportable imager. 

188. An automatically-activkted PLIIM-based hand-sUi)portable linear imager 
configured with (i) a linear-type imag4 formation and detection (Ipb) module having a fixed 
focal length/ variable focal distance image formation optics with a fimd of view (FOV), (ii) a 
laser-based object detection subsystem Vn&dn its hand-supportable housing for automatically 
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activrf^mg the planar laser illumination array into a full-power mode of operation (to produce a 
PLIB inVoplanar arrangement with said FOV), the a linear-type image formation and detection 
(DFD) module, the image frame grabber, the image data buffer, and the image processing 
computer, Va the camera control computer, upon automatic detection of an object in its laser- 
based objectYetection field, (iii) a manually-activatable switch for enabling transmission of 
symbol characler data to a host computer system in response to the decoding a bar code symbol 
within a capturtd image frame, and (iv) a LCD display panel and a data entry keypad for 
supporting diver^types of transactions using the PUIM-based hand-supportable imager. 

189. An amomatically-activated PLIIM-based hand-supportable linear imager 
configured with (i) a Imear-type image formation and detection (IFD) module having a fixed 
focal length/variable focal distance image formation optics with a field of FOV, (ii) an ambient- 
light driven object detect^ subsystem within its hand-supportable housing for automatically 
activating the planar laser il^umiiiation array (to,produce a PUB in coplanar arrangement with 
said FOV), the area-type imaaformation and detection (IFD) module, the image frame grabber, 
the image data buffer, and Ae aBage_ptooessing computer, via the camera control COTiipu^, in 
response to the automatic detectiVi of an object via ambient-light detected by object detection 
field enabled by the image sensomvithin the IFD module, and (iii) a manually-activatable 
switch for enabling transmission of Vmflbl cWacter data to a host computer system upon 
decoding a bar code symbol wifliin a ca^medunage frame. — 

190. An automatically-aiyvatijtd PLIIM-based hand-supportable linear imager 
configured with (i) a linear -type image formation and detection (IFD) module having a fixed 
focal length/variable focal distance image fotoation optics with a field of view (FOV), (ii) an 
automatic bar code symbol detection subsystem within its hand-supportable housing for 
automatically activating the planar laser illumiLition array (to produce a PLIB in coplanar 
arrangement with said FOV), the image processingVomputer for decode-processing in response 
to the automatic detection of an bar code symbol Within its bar code symbol detection field 
enabled by the image sensor within the DFD modute, (iii) a manually-activatable switch for 
enabling transmission of symbol character data to Ahost computer system in response to 
decoding a bar code symbol within a captured image fr^e, and (iv) a LCD display panel and a 
data entry keypad for supporting diverse types of trans^ons using the PLIIM-based hand- 
supportable imager. \ 

191. A manually-activated PLIIM-based hand-suppOTtable linear imager configured 
with (i) a linear-type image formation and detection (IFD) module having a variable focal 
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engiri/variable focal distance image formation optics with a field of FOV, (ii) a manually- 
actuatad trigger switch for manually activating the planar laser illimiination array (to produce a 
LIB in cbplanar arrangement witti said FOV), the linear*type image formation and detection 
(IFD) mod\[e, the image frame grabber, the image data buffer, and the image processing 
computer, vikthe camera control computer, in response to the manual activation of the trigger 
switch, and cafjturing images of objects (i.e. bearing bar code symbols and other graphical 
indicia) through^e fixed focal length/fixed focal distance image formation optics, and (iii) a 
LCD display paneWid a data entry keypad for supporting diverse types of transactions using 
the PLIIM-based ham-supportable imager. 

192. An autonuitically-activated PLIIM-based hand-supportable linear imager 
configured with (i) a linea wrpe image formation and detection (IFD) module having a variable 
ocal length/variable focal (Qstance image formation optics with a field of view (FOV), (ii) an 
IR-based object detection subVstem within its hand-supportable housing for automatically 
activating in response to the dett(ction of an object in its IR-based object detection field, the 
planar laser illumination array (to ptodtt<fe a PUB in coplanar arrangement with said FOV)/ the 
linear-type image formation and dete^on (IFD) module, as well as the image frame grabber, 
the image data buffer, and the image proteesAng copiputer, via the camera control computer, (ii) 
a manually-activatable switch for enablmy^s^^nsmission of symbol character data to a host 
computer system in response to decodiM at»ar code symbol within a captured /image frame, 
and (iii) a LCD display panel and aiaata OTitry keypad for supporting diverse types of 
transactions xising the FLIIM-based hand-suppori^le imager. 



193. An automatically-activated PLIIM-Based hand-supportable linear imager 
configiured with (i) a linear-type image formation and dkection (EFD) module having a variable 
focal length/variable focal distance image formation optiAand a field of view, (ii) a laser-based 
object detection subsystem within its hand-supportable hotiang for automatically activating the 
planar laser illimiination array into a full-power mode of deration (to produce a PLIB in 
coplanar arrangement with said FOV), the linear-type image formation and detection (IFD) 
module, the image frame grabber, the image data buffer, and the image processing computer, 
via the camera control computer, in response to the automatic detectwm of an object in its laser- 
based object detection field, (iii) a manually-activatable switch for enabling transmission of 
symbol character data to a host computer system in response to decodiW a bar code symbol 
within a captured image frame, and (iv) a LCD display panel and a dafta entry keypad for 
supporting diverse types of transactions using the PUIM-based hand-supportable imager. 
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Y94. An automatically-activated PLIIM-based hand-supportable linear imager 
configured with (i) a linear-type image formation and detection (IFD) modtde having a variaUe 
focal lengih/variable focal distance image formation optics with a field of view (FOV), (ii) an 
ambient-lig^t driven object detection subsystem within its hand-supportable housing for 
automaticallAactivating the planar laser illumination array (to produce a PUB in coplanar 
arrangement wtth said FOV) the linear-type image formation and detection (IFD) module, the 
image frame graftber, the image data buffer, and the image processing computer, via the camera 
control computer\i response to the automatic detection of an object via ambient-light detected 
by object detection^eld enabled by the image sensor within the IFD module, (iii) a manually- 
activatable switch forVnabling transmission of symbol character data to a host computer system 
in response to decoding a bar code symbol within a captured image frame, and (iv) a LCD 
display panel and a data^ntry keypad for supporting diverse types of transactions using the 
PLIM-based hand-suppor^le imager. 

195. An automaticalw-activated PLIIM-based hand-supportable linear imager 
configured with (i) a linear-type miage formation and detection (IFD> module having a variable 
focal length/ variable focal distanc\^image formation optics v^th a field of view (FOV), (ii) an 
automatic bar code symbol detectMit ^{bsystem within its hand-supportable housing for 
automatically activating the pleaxaJJl^^T illumination array (to produce a PLIB in coplanar 
arrangement with said FOy) ttie li^ar-wpe image formation and detection (IFD) module, (he 
image frame grabber, the image pat* buffer, the image processing computer for decode- 
processing in response to the automatic dS|ection of an bar code symbol within its bar code 
symbol detection field enabled by the image\sensor within the IFD module, (iii) a manually- 
activatable switch for enabling transmission of ^mbol character data to a host computer system 
in response to decoding a bar code symbol within a captured image frame, and (iv) a LCD 
display panel and a data entry kejrpad for suppomng diverse tj^es of transactions using the 
PUIM-based hand-supportable imager. \ 

196. A manually-activated PLIIM-based haiwUsupportable area imager configured 
with (i) an area-type (i.e. 2D) image formation and detectioai (IFD) module having a fixed focal 
length/fixed focal distance image formation optics with a\eld of field of view (FOV), (ii) a 
manually-actuated trigger switch for manually activating the wanar laser illumination array (to 
produce a PLIB in coplanar arrangement with said FOV), the area-type image formation aivl 
detection (IFD) module, the image frame grabber, the image Mata buffer, and the imag^ 
processing computer, via the camera control computer, in response lo the manual activation of 
the trigger switch, and capturing images of objects (i.e. bearing bar c^e symbols and other 
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graphical indicia) through the fixed focal length/fixed focal distance image formation optks, 
and (ni) a LCD display panel and a data entry keypad for supporting diverse types of 
transactions using die PLDM-based hand-supportable imager. 

197 A An automatically-activated PLUM-based hand-supportable area imager 
configured v^th (i) an area-type image formation and detection (IFD) module having a fixed 
focal length/&(ed focal distance image formation optics with a FOV, (ii) an IR-based object 
detection subsystem within its hand-supportable housing for automatically activating in 
response to the abtection of an object in its IR-based object detection field, the planar laser 
illumination array {to produce a PUB in coplanar arrangement witit said VGV), tite area-type 
image formation anoMetection (IFD) module, as well as the image frame grabber, the image 
data buffer, and the inaage processing computer, via the camera control computer, (ii) a 
manually-activatable switch for enabling transmission of S5anbol character data to a host 
computer system in responsi^to decoding a bar code symbol within a captured image frame, 
and (iii) a LCD display panel and a data entry keypad for supporting diverse types of 
transactions using the PIJIM-basra hand-supportable imager. 

198. An automatically-acm^atid PLIIM-based hand-supportable area imager 
configured with (i) an area-type ima^^rmaiion and detection (IFD) module having a fixed 
focal length/fixed focal distance i^^l^rmation optics with a FOV, (ii) a laser-based object 
detection subsystem within its h^d-j6upf>prtable housing for automatically activating the 
planar laser illumination array into a full-pWer mode of operation (to produce a PLIB in 
coplanar arrangement with said FOV^, the ar^a-type image formation and detection (IFD) 
module, the image frame grabber, the image data^uffer, and the image processing computer, 
via the camera control computer, in response to the automatic detection of an object in its laser- 
based object detection field, (iii) a manually-activataMe switch for enabling transmission of 
symbol character data to a host computer system in response to decoding a bar code symbd 
within a captiued image frame; and (iv) a LCD display p^el and a data entry keypad fior 
supporting diverse types of transactions using the PLnM-basecK|iaiul-supportable imager. 

199. An automatically-activated PUIM-based hand-supportable area uxiager shown 
configured with (i) a area-type image formation and detection (IFED module having a fixed 
focal length/fixed focal distance image formation optics with a FCjV, (ii) an ambient-light 
driven object detection subsystem within its hand-supportable housmg for automatically 
activating the planar laser illtmunation array (to produce a PUB in coplan»L arrangement with 
said FOV), tfie area-type image formation and detection (IFD) module, ttie ima^ frame grabber. 
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the \mage data buffer, and the image processing computer, via the camera control computer, in 
response to the automatic detection of an object via ambient-light detected by object detection 
field en*led by the image sensor within the IFD module, (iii) a manually-activatable switch for 
enabling transmission of symbol character data to a host computer system in response to 
decoding a iDar code symbol within a captured image frame, and (iv) a LCT) display panel and a 
data entry kejnpad for supporting diverse types of transactions using the PLHM-based hand- 
supportable imager. 

200. AnVutomatically-activated PLIIM-based hand-supportable area imager 
ccmfigured with (i) area-type image formation and detection (IFD) module having a fixed 
focal length/fixed focaMistance image formation optics with a FOV, (ii) an automatic bar code 
symbol detection subsysttm within its hand-supportable housing for automatically activating 
the planar laser iUumimtioi^MTay (to produce a FLIB in coplanar arrangement with said FOV), 
the area-type image formationlmd detection (IFD) module, tt\e image frame grabber, the image 
data buffer, and the image procesiring computer, via the image processing computer for decode- 
processing upon automatic detedton of an bar code symbol within its bar code symbol 
detection field enabled by the image ^isor within the IFD module, (iii) a manually-activatable 
switch for enabling transmission of s^bol character data to a host computer system in 
response to decoding a bar code symbol wkttun a captured image frame, and (iv) a LCD display 
panel and a data entry keypad for supporm£^yeTse types of.traitsactions using the PLHM- 
based hand-supportable imager. 

201. A manually-activated PLDM-baled^ area imager configured 
with (i) an area-type image formation kid detection (IFD) module having a fixed focal 
length/variable focal distance image formation opti^with a FOV, (ii) a manually-actuated 
trigger switch for manually activating the planar laser illumination array (to produce a PLIB in 
coplanar arrangement with said FOV), the area-type imWe formation and detection (IFD) 
module, the image frame grabber, the image data buffer, ana^e image processing computer, 
via the camera control computer, upon manual activation of tlw^gger switch, and capturing 
images of objects (i.e. bearing bar code symbols and other graphim^indida) through the fixed 
focal length/fixed focal distance image formation optics, and (iii) a e£!D display panel and a 
data entry keypad for supporting diverse types of transactions using tiie PUIM-based hand- 
supportable imager. \ 

202. An automatically-activated PLIIM-based hand-supportablX area imager 
configured with (i) an area-type image formation and detection (IFD) module luk^g a fixed 
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focaWength/variable focal distance image formation optics with a FOV, (ii) an IR-based object 
detecqon subsystem within its hand-supportable housing for automatically activating, in 
respons^to the detection of an object in its IR-based object detection field, the planar laser 
illuminatibn array (to produce a PLIB in coplanar arrangement with said FOV), the area-type 
image fommtion and detection (IFD) module, the image frame grabber, the image data buffer, 
and the imaWe processing computer, via the camera control computer, (ii) a manually- 
activatabie swiMi for enabling transmission of symbol character data to a host computer system 
in response to deeding a bar code S3anbol within a captured image frame, and (iii) a LCD 
display panel and a^ata entry ke3rpad for supporting diverse types of transactions using the 
PLUM-based hand-supportable imager. , 

203. An automa^cally-activated PLIIM-based hand-supportable area imager 
configured with (i) an area-^e image formation and detection (IFD) module having a fixed 
focal length/ variable focal distaW:e image formation optics witii a FOV, (ii) a laser-based object 
detection subsystem within its Rand-supportable housing for automatically activating the 
planar laser illumination array inWka fuU-power mode of operation (to produce a PUB in 
coplanar arrangement with said FOv^^^^^ea-type image formation and detection (IFD) 
module, the image frame grabber, the^^e data buffer, and the image processing computer, 
via, the camera control computer, in rJ^pop^ to the automatic detection of an object in its laser- 
?ased object detection field, (iii) a nllnifally^ctivatable switch for enabling transmission of 
symbol character data to a host computer syste^ in response to decoding a bar code symbol 
within a captured image frame, and (iv) a LCD iUsplay panel and a data entry keypad for 
supporting diverse types of transactions using the PUm-based hand-supportable imager. 

204. An automatically-activated PLIIM-basM^ hand-supportable area imager 
configured with (i) an area-type image formation and detection (IFD) module having a fixed 
focal length/ variable focal distance image formation optics v^h a FOV^ (ii) an ambient-li^ 
driven object detection subsystem within its hand-supportablk housing for automatically 
activating the planar laser illumination array (to produce a PUB in coplanar arrangement wiA 
said FOy), tiie area-type image formation and detection (IFD) module, Ote image frame grabber, 
the image data buffer, and the image processing computer, via the camera control computer, 
upon automatic detection of an object via ambient-light detected by object detection field 
enabled by the image sensor within the IFD module, and (iii) a manually-activllable switch ftjr 
enabling transmission of symbol character data to a host computer system upon deeding a bar 
code symbol within a captured image frame. \ 
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205. An automatically-activated PLIIM-based hand-supportable area imager 
conf^iired with (i) an area-type image formation and detection (IFD) module having a fixed 
focal length/variable focal distance image formation optics with a FOV, (ii) an automatic bar 
code symbol detection subsystem within its hand-supportable housing for automatically 
activating tAe planar laser illumination array (to produce a PUB in coplanar arrangement with 
said FOV), thajarea-t5^e image formation and detection (IFD) module, the image farame grabber, 
the image data Duffer, and the image processing computer for decode-processing of image data 
in response to th\ automatic detection of an bar code symbol within its bar code symbol 
detection field enabred by the image sensor within the IFD module, (iii) a manually-activatable 
switch for enabling Wnsmission o£ symbol character data to a host computer system in 
response to decoding a Bar code symbol wiflun a captured image frame, and (iv) a LCD display 
panel and a data entry keypad for supporting diverse types of transactions using the PLIIM- 
based hand-supportable ima^ 

206. A manually-activated PLHM-based hand-supportable area imager configured 
with (i) an area-type image formafaon arid detection (IFD) iiiodule havmg a variable focal 
length/variable focal distance imageVormation optics with a FOV, (ii) a manually-actuated 
trigger switch for manually activating tfte planar laser illumination array (to produce a PLIB in 
coplanar arrangement with said FOV), me area-type image formation <ind detection (IFD) 
module, tiie image frame grabber, the imag\ data buffer, and the image processing computer, 
via the camera control computer, in respons^f^manual activation of the trigger switch, and 
capturing images of objects (i.e. bearing bary^ir symbols and other graphical indicia) through 
the fixed focal length/ fixed focal distanc^^ade foraiation optics, and (iii) a LCD display panel 
and a data entry keypad for supportina^veise tjrbes of trarisactions using the PLHM-based 
hand-supportable imager. 

207. An automatically-activated PLIIM-based^hand-supportable area imager 
configured with (i) an area-type image formation and detection (IFD) module having a variable 
focal length/variable focal distance image formation optics witl^a FOV, (ii) an IR-based object 
detection subsystem within its hand-supportable housing for automatically activating in 
response to the detection of an object in its IR-based object detectwi field, the planar lasa 
illumination arrays (to produce a PLIB in coplanar arrangement with s^d FOV), the area-type 
image formation and detection (IFD) module, as well as the image fram\ grabber, the image 
data buffer, and the image processing computer, via the camera control computer, (ii) a 
manually-activatable switch for enabling transmission of symbol characterulata to a host 
computer system in response to decoding a bar code symbol within a captureodmage frame. 
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anal (iii) a LCD display panel and a data entry keypad for supporting diverse t5rpes of 
transactions using the PLIIM-based hand-supportable imager. 

An automatically-activated PLIIM-based hand-supportable area imager 
configured^th (i) an area-type image formation and detection (IFD) module having a variable 
focal length/ wiable focal distance image formation optics with a FOV, (ii) a laser-based object 
detection subsraem within its hand-supportable housing for automatically activating the 
planar laser illununation array into a full-power mode of operation (to produce a PUB in 
coplanar arrangemdit with said FOV), the area-type image formation and detection (IFD) 
module, ttie image frame grabber, the image data buffer, and the image processing computer, 
via the camera control conwuter, in response to the automatic detection of an object in its laser- 
based object detection fielc^(iii) a manually-activatable switch for enabling transmission of 
sjnnbol character data to a host computer system in response to decoding a bar code s3anbol 
within a captiured image frame,Vnd (iv) a LCD display panel and a data entry keypad for 
supporting diverse types of transacmms using the PLIIM-based hand-supportable imager. 



209. An automatically-activ^d PLIIM-based hand-supportable area imager 
configured with (i) an area-type image fonS^tionjand detection (IFD) module having a variable 
focal length/variable focal distance image fofm&tion optics with a FOV, (ii) an ambient-light 
driven object detection subsystem within /ittQ^^ housing for automatically 
activating the planar laser illumination array Mo Woduce a PUB in coplanar arrangement with 
said FOV), the area-type image formation anc^idetectiomlFD) module, the image frame graU^er, 
the image data buffer, and the image processing compute! via the camera control computer, in 
response to the automatic detection of an object via ambient-light detected by object detection 
field enabled by the image sensor within the IFD module, (iii)\manually-activatable switch for 
enabling transmission of symbol character data to a host compi^r system in response to the 
decoding a bar code symbol within a captured image frame, and (ivla LCD display panel and a 
data entry keypad for supporting diverse types of transactions using^e PUIM-based hand- 
supportable imager. 

210. An automatically-activated PLIIM-based hand-supportake area imager 
configured with (i) an area-type image fomiation and detection (IFD) module having a variable 
focal length/ variable focal distance imageuormation optics with a FOV, (ii) an\utomatic bar 
code symbol detection subsystem within\its hand-supportable housing for amomatically 
activating the planar laser illumiiiation arrayl (to produce a PUB in coplanar arranganent with 
said FOV), Ae area-type image formation andVdetection (IFD) module, tiKe image frameWabber, 



-465r 



Attorney Case Nd^P i7USA000 



the imate data buffer, and the image processing computer for decode-processing of image data 
in responsMo the automatic detection of an bar code symbol within its bar code symbol 
detection fiel^nabled by the image sensor within the IFD module, (iii) a manually-activatable 
switch for ena^ing transmission of symbol character data to a host computer system in 
response to decodmg a bar code symbol within a captured image frame, and (iv) a LCD diqday 
panel and a data emry keypad for supporting diverse types of transactions using the PUIM- 
based hand-supportable imager. 

211. A imitar\ (PLIIM-based) package dimensioning and identification system, 
wherein the various information signals are generated by the LDIP subsystem, and provided to 
a camera control computer, and wherein the camera control computer generates digital camera 
control signals which are provided to the image formation and detection (IFD subsystem (i.e. 
"camera") so that the system can carry out its diverse functions in an integrated manner, 
including (1) capturing digital imWs having (i) square pixels (i.e. 1:1 aspect ratio) independent 
of package height or velocity, (ii) significantly reduced speckle^noise levels, and (iii) constant 
image resolution measn^ed Jn dols_pa^in^ (dpi) independiemt of packapl height or'^elbdty and 
without the use of costly telecentricVptics employed by prior art systems, (2) automatic 
cropping of captured images so that onl\ r^^^i3-<Jt interest reflecting the package or package 
label require image processing by the i|^^? processing computer, and (3) automatic image 
lifting operations. 1/ h " " ~ 

212. A biopticai-type planar laser iUvuMnation and imaging (PLDM) system for the 
purpose of identifying products in supermarkets md other retail shopping enviroiunents (e.g. 
by reading bar code symbols thereon), as well as retognizing the shape, texture and color of 
produce (e.g. fruit, vegetables, etc.) using a compositeWulti-spectral planar laser illumination 
beam containing a spectrum of different characteristiXwavelengtiis, to impart multicolor 
illiunination characteristics thereto. \ 

213. A bioptical-type PLIIM-based system, wherein artjlanar laser illumination array 
(PLIA) comprising a plurality of visible laser diodes (VLDs) w^ch intrinsically exhibit high 
"mode-hopping" spectral characteristics which cooperate on the mae domain to reduce the 
temporal coherence of the laser illumination sources operating in the ^lA, and thereby reduce 
the speckle-noise pattern observed at the image detection array of the PUnvf-based system. 

214. A bioptical PLIIM-based product dimensioning, analysis Vid identification 
system comprising a pair of FUIM-based package identificatioh and dimendomtg subsystems. 
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wHerein each PLIIM-based subsystem produces multi-spectral planar laser illumination, 
employs a 1-D CCD image detection array, and is programmed to analyze images of objects 
(e.g. p^duce) captured thereby and determine the shape/geometry, dimensions and color of 
such proaucts in diverse retail shopping environments. 

215. \ A bioptical PLIM-based product dimensioning, analysis and identification 
system comprismg a pair of PLIM-based package identification and dimensioning subsystems, 
wherein each sii^system employs a 2-D CCD image detection array and is programmed to 
analyze images of objects (e.g. produce) captured thereby and determine the shape/geometry, 
dimensions and c6lor\^ such products in diverse retail shopping enviroiunents. 

216. A unitary j^ckage identification and dimensioning system comprising: a 
LADAR-based package imag^^g, detecting and dimensioning subsystem capable of collecting 
range data from objects on the conveyor belt using a pair of multi-wavelength (i.e. containing 
visible and IR spectral compon^^) laser scanning beams projected at different angular 
spadngs; a PLIIM4>ased bar code syimol reading subsystem for producing a scanning volume 
above the conveyor belt, for scannings bar codes on packages transported therealong; an 
input/ output subsystem for managing tnte inputs to and outputs from the unitary system; a 
data management computer, with a g[apl[nc^QiSp^texieice (GUI), for realizing a data element 
queuing, handling and processing subsys^M^s wdl as other data and syste^n management 
functions; and a network controller, operibly lo^ected to the I/O subsystem, for connecting 
the system to the local area network (LAN) assodaW with ttie tunnel-based system, as well as 
other packet-based data commtmication networks supporting various network protocols (e.g. 
Ethernet, Apple talk, etc). 

217. A real-time camera control process carried out ^thin a camera control computer 
in a PLIIM-based earner A system, for intelligently enabling the ounera system to zoom in and 
focus upon only the surfaces of a detected package which mignt bear package identifying 
and/or characterizing information ttiat can be reliably captured and titilized by tiie system or 
network within which the camciijra subsystem is installed. 

218. A real-time camel^ control process for significantly reducing the amount of 
image data captured by the sys^tem which does not contain relevant infOTmation, thus 
increasing the package identification performance of the camera subsystem, wli^ using less 
computational resources, thereby allowing the camera subsystem to perform more^ffidently 
and productivity. 
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219. A camera coi\trol computer for generating real-time camera control signals that 
drive the^oom and focus lens group translators within a high-speed auto-focus/auto-zoom 
digital cairWa subsystem so that the camera automatically captures digital images having (1) 
square pixels\(i.e. 1:1 aspect ratio) independent of package height or velocity, (2) significantly 
reduced speckleyjioise levels, and (3) constant image resolution measured in dots per inch (dpi) 
independent of pa^cage height or velocity. 

220. An autdrfocus/auto-zoom digital camera system employing a camera control 
computer which generates commands for cropping the corresponding slice (Le. section) of tiie 
region of interest in the irf^ge being captured and btiffered therewithin, or processed at an 
image processing computer. 

221. A tunnel-type padkage identification and dimensioning (PIAD) system 
comprising a plurality of PIUM-baseii package identification (PID) imits arranged about a high- 
speed package conveyor belt structuA wherein the PID units are integrated within a high- 
speed data communications network having a su^af le network topology and configuration. 

222. A tunnel-type PIAD systej^^erein the top PID unit includes a LDIP 
subsystem, and functicms as a master ?WAMt\^ tf\e tunnel system, whereas ttie side and 
jottom PID \mits (which are not provideaf^withf subsystem) function as slave PID units 
and are programmed to receive packlige diAiertsion data (e.g. height, length and width 
coordinates) firom ttie master PID unit, and automatidally convert (i.e. transform) on a real-time 
?asis these package dimerision coordinates into their lofeal coordinate reference frames for use in 
dynamically controlling the zoom and focus parametersW the camera subsystems employed in 
the tunnel-type system. 

223- A turmel-type system, wherein the camera fidid of view (FOV) of the bottom PID 
unit is arranged to view packages through a small gap ptovided between sections of the 
conveyor belt structure. 

224. A CCD camera-based tuimel system comprising auto-zoom /auto-focus CCD 
camera subsystems which utilize a "package-dimension data" driven camera control computer 
for automatic controlling the camera zoom and focus characteristics on a real-time manner. 
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A CCD camera-based tunnel-type system, wherein the package-dimension data 
driven camWa control computer involves (i) dimensioning packages in a global coordinate 
reference system, (U) producing package coordinate data referenced to the global coordinate 
reference sys^m, and (iii) distributing the package coordinate data to local coordinate 
references frames in the system for conversion of the package coordinate data to local 
coordinate refermce frames, and subsequent use in automatic camera zoom and focus control 
operations carriedVut upon the dimensioned packages. 

226. A CCD camera-based tunnel-type system, wherein a LDIP subsystem within a 
master camera tmit generates (i) package height, width, and length coordinate data and (ii) 
velocity data, referencedWith respect to the global coordinate reference system R^^u and these 
package dimension dataVlements are transmitted to each slave camera unit on a data 
communication network, and once received, the camera control computer within the slave 
camera unit uses its preprogrammed homogeneous transformation to converts there values 
into package height, width, and^ength coordinates referenced to its local coordinate reference 
system. - 



227. A CCD camera-based ^pmel-type system, wherein a camera control computer in 
each slave camera unit uses the conver\fi^ackage dimension coordinates to generate real-time 
camera control signals which intellig^^^rive its camera's automatic zoom and focus ima^r^ 
optics to enable the intelligent capMte md processing of image data contairung information 
relating to the identify and/or destijfatiori oi the transported package. 

228. A bioptical PLIIM-based product identification, dimensioning and analysis 
(PIDA) system comprising a pair of PLniAbased package identification systems arranged 
within a compact POS housing having bottoim and side light transmission apertures, located 
beneath a pair of imaging windows. 

229. A bioptical PUIM-based system forVapturing and analyzing color images of 
products and produce items, and thus enabling, ifk supermarket environments^ -^produce 
recognition'' on the basis of color as wdl as dimensions and geometrical form. 

230. A bioptical system which comprises: a bottom PLIIM-based imit mounted within 
the bottom portion of the housing; a side PLIIM-based urut mounted within the side portion of 
the housing; an electroiuc product weij^ scale moimted bene\th the bottom PUIM-based unit; 
and a local data communication network mounted within the hmising, and establishing a hi^ 
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speed difa communication link between the bottom and side units and the electronic weigh 
scale. IS. 

231. W bioptical PLUM-based system, wherein each PLUM-based subsystem employs 
(i) a plurality o^isible laser diodes (VLDs) having different color producing wavelengths to 
produce a multi^ectral planar laser illumination beam (PUB) from the side and bottom 
imaging windows, Vd also (ii) a 1-D (linear-type) CCD image detection array for capturing 
color images of objec^(e.g. produce) as the objects are manuaBy transported past the imaging 
windows of the bioptiad system, along the direction of the indicator arrow, by the user or 
operator of the system (e.gWtail sales clerk). 

232. A bioptical PLftM-based system, wherein the PLIIM-based subsystem installed 
within the bottom portion of theVusing, projects an automatically swept PUB and a stationary 
3-D FOV through the bottom light \ansmission window. 



233. A Woptical PLIIM-b^ system, wherein each PLHM-based subsystem 
comprises (i) a plurality of visible laW diodes (VLDs) having different color producing 
wavelengths to produce a multi-spectralWanar laser Ulumination beam (PUB) from the side 
and bottom imaging windows, and also (k^-D (area-type) CCD image detection array for 
capturing color images of objects (eg->^A) as the objects are presented to the imaging 
windows of the bioptical system by tl^e^Werator of the system (e.g. retaU sales clerk). 

234 A miniature planar lase/ iUuminaW module (PUM) on a semiconductor chip 
that can be fabricated by aligning and mountingV micro-sized cylindrical lens array upon a 
linear array of surface emit lasers (SELs) formed o\ a semiconductor substrate, encapsulated 
:i.e. encased) in a semiconductor package provided Ah electrical pins and a light transmission 
window, and emitting laser emission in the direction no\ial to the semiconductor substrate. 

235. A miniature planar laser Ulumination n^ule (PLIM) on a semiconductor, 
wherein the laser output therefrom is a planar laser iUutkation beam (PUB) composed of 
numerous (e.g. 100-400 or more) spitiaUy incoherent laser be\is emitted mm the linear arrav 

of SELs. 



236. A miniature planar laser iUuminaHon module (pklM) on a semiconductor, 
wherein each SEL in the laser diode array can be designed to eil coherent radiation at a 
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differenkcharacteristic wavelengths to produce an array of laser beams which are substantially 
temporally and spatially incoherent with respect to each other. 

237. \ A PUM-based semiconductor chip, which produces a temporally and spatially 
coherent-reduted planar laser illumination beam (PUB) capable of illuminating objects and 
producing digitial images having substantially reduced speckle-noise patterns observable at tfae 
image detector ovtiie PLHM-based system in which the PLIM is employed. 

238. A PliM-based semiconductor which can be made to illuminate objects outside cf 
the visible portion of me electromagnetic spectrum (e.g. over the UV and/or IR portion o^ the 

pectrum). 

239. A PLIM-basM semiconductor chip which embodies laser mode-locking 
principles so that the PUB tratemitted from the chip is temporal intensity-modulated at a 
sufficient high rate so as to pro^ce ultra-short planes light ensuring substantial levels of 
spedde-noise pattern reduction durirtc object ilhimiiiation and inkaging applications. 

240. A PLIM-based semicondoctMichip which contains a large number of VCSELs 
(i.e. real laser sources) fabricated on semi^^uctor chip so that speckle-noise pattern levels can 
be^ substantially reduced by an amoii^ ^oportional to the square root of the number of 



independent laser sources (real or virt 



loyed therein. 



241. A miniature planar laser illimiination module (PLIM) on a semiconductor ddp 
which does not require any mechanical parts orVomponents to produce a spatially and/or 
temporally coherence reduced PUB during system operation. 

242. A planar laser illumination and imaging module (PLIIM) realized on a 
semiconductor chip, comprising a pair of micro-sized (dmractive or refractive) cylindrical lens 
arrays mounted upon a pair of large linear arrays of stu^ack emitting lasers (SELs) fabricated oa 
opposite sides of a linear CCD image detection array. 

243. A PUIM-based semiconductor chip, wherein Voth the linear CCD image 
detection array and linear SEL arrays are formed a common semiconductor substrate, and 
encased within an integrated circuit package having electrical connector pins, a first and second 
elongated light transmission windows disposed over the SEL «rays, and a third ligjrt 
transmission window disposed over tiie linear CCD image detection arrai 
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144. A PLUM-based semiconductor chip, which can be mounted on a mechaiucally 
osdUatifk scanning element in order to sweep both the FOV and coplaitar PUB through a 3-D 
voliune ol^space in which objects bearing bar code and other machine-readable indicia may 
pass. 



245. Ay^LHM-based semiconductor chip embodying a plurality of linear SEL arrays 
which are electroracally-activated to electro-optically scan (i.e. illuminate) the entire 3-D FOV of 
the CCD image det^on array without using mechanical scaiming mechanisms. 

246. A PLiM-based semiconductor chip, wherein the miniature 2D VLD/CCD 
camera can be realizemby fabricating a 2-D array of SEL diodes about a centrally located 2-D 
area-type CCD image Detection array, both on a semiconductor substrate and encapsulated 
witiiin a IC package having a centrally-located light transnussion window positioned over the 
CCD image detection arrajL and a peripheral light transmission window positioned over the 
surrounding 2-D array of SE^diodes. 

247. A PLHM-basedXsemiconductor chip, wherein light focusing lens element is 



aligned with and mounted over 
field of view (FOV) for forming 
of cylindrical lens elements is a] 
window to substantially planarj 
2-D SEL array) during operatic 



le cej 



fethe 



ally-located light transmission window to define a 3D 
fon the 2-D image detection array, whereas a 2-D array 
ith and mounted over the peripheral light transmission 

er emission from the linear SEL arrays (comprising the 



248. A PLIIM-based semiconduaor chip, wherein each cylindrical lens element is 
spatially aligned with a row (or column) in tne 2-D CCD image detection array, and each linear 
array of SELs in the 2-D SEL array, over wnkh a cylindrical lens element is mounted, is 
electrically addressable (i.e. activatable) by laser c^iode control and drive circuits fabricated on 
d\e same semiconductor substrate. 

249. A PLIIM-based semiconductor chip whi^ enables the illumination of an object 
residing within a 3D FOV during illumination operations^ and the formation of an image strip 
on the corresponding rows (or columns) of detector elementi^in a CCD array. 

250. A LEI>based PLIM for use in PLIIM-based sys^ms, wherein a linear-type LED, 
an optional focusing lens and a cylindrical lens element are inqu|ited within compact band 
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structiireJsior the purpose of producing a spatially-incoherent planar light illumination beam 
(PLIB) ther^om. 

251. Art optical process carried out within a LED-based PLIM, wherein (1) the 
focusing lens focuMS a reduced size image of the li^t emitting source of the LED towards the 
farthest working diWice in the PLDM-based system, and (2) the light rays associated with the 
reduced-sized imagAare transmitted through the cylindrical lens element to produce a 
spatially-coherent planA light iUumination beam (PUB). 

252. An LED-ba^ PUM for use in PUIM-based systems, wherein a linear-type LED, 
a focusing lens, collimating Vns and a cylindrical lens element are mounted within compact 
barrel structure, for the purpoi^ of producing a spatially-incoherent planar light illumination 
beam (PLIB) therefrom. 

253. Another object of the^resent invention is to provide an optical process carried 
within an LED-based PUM, whereinVl) ttte focusing lens focuses a reduced size image of the 
ight emitting source of the LED towWds a focal point within the barrel structure, (2) the 
collimating lens collimates the light ray\ ^^ciated with the reduced size image of the light 
emitting source, and (3) the cylindrical l«;^pnent diverges the collimated light beam so as to 
produce a spatially-coherent planar Ught^^^tion beam (PUOB). 

254. An LED-based PUM chip for us4 in PLIIM-based systems, wherein a linear-type 
light emitting diode (LED) array, a focusing-typfe microlens array, collimating type microlens 
array, and a cylindrical- type microlens array are mounted within the IC package of the PLIM 
chip, for the purpose of producing a spatially-incoherent planar light illtmMiation beam (PUB) 
therefrom. 

255. An LED-based PLIM, wherein (1) each fixrusing lenslet focuses a reduced size 
image of a light emitting soiu-ce of an LED towards a Ifocal point above the focusing-type 
microlens array, (2) each collimating Jenslet collimates me light rays associated with ttie 
reduced size image of the light emitting source, and (3) each q^lindrical lenslet diverges the 
collimated light beam so as to produce a spatially-coherent plaWr light illumination beam 
(PUB) component, which collectively produce a composite PUB from me LED-based PUM. 

256. A method of and apparatus for measuring, in the field, the^itch and yaw angles 
of each slave Package Identification (PID) unit in the tunnel system, as weU^s the elevation (Le 
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heightySof each such PID unit, relative to the local coordinate reference frame symbolically 
embeddeoywithin the local PID unit. 

257. Apparatus realized as angle-measurement (e.g. protractor) devices integrated 
mthin the strucnUre of each slave and master PID housing and the support structure provided 
to support the same^thin the tuimel system, enabling the taking of such field meastirements 
(i.e. angle and heightVeadings) so that flie precise coordinate location of each local coordinate 
reference frame (symboUcally embedded within each PID unit) can be precisely determined, 
relative to the master PID Vut 

258. An angle meaWrement device integrated into the structure of a PID uiut by 

providing a pointer or indicatii^ structure (e.g. arrow) on the surface of the housing of the PID 
urut, while mounting angle-measurement indicator on the corresponding support structure 
used to support the housing abovAthe conveyor belt of the timnel system. 

259. An airport security sybtem comprising: 

at least one PLIIM-based passmger identification and profiling camera subsystem, for 

capturing a digital ima¥e of the face of each passenger to board an aircraft at the 
airport, \ 

(ii) capturing a digital profile o^imfit her face diid heiad (and possibly bodyj using the 
LDIP subsystem employed thereiiy^Mi) capturing a digital image of the passenger's 
identification card(s), (iii) index^Asuch passenger attribute information with the 
corresponding passenger identifica^n (PiP) number encoded within the PID bar code symbol 
that is printed on a passenger identificatior^PID) bracelet affixed to the passenger's hand at the 
passenger check-in station, and to be worn tnereby during the entire duration of the passenger's 
scheduled flight; \ 

a passenger identification (PID) bar code symbol and baggage identification (BID) bar 
code symbol dispei\sing subsystem, installed at ihe passenger check-in station, for dispensing 
(i) the PID bar code symbol and bracket to be worrWby the pass^iger, and (ii) a tmique BID bar 
code label for attachment to each baggage article to Be carried aboard the aircraft on which ti\e 
checked-in passenger will fly (or on another aircrafti wherein each BID bar code s5anbol 
assigned to baggage article is co-indexed with the PID bar code symbol assigned to the 
passenger checking in his or her baggage; \ 

a tunnel-type package identification, dimensiorung ano^tracking subsystem, including at 
least one PLHM-based PID unit iiistalled before the entry pWt of the X-radiation baggage 
scaiming subsystem (or integrated therein), and also passengek and baggage data element 
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tracking coiAputer, for automatically (i) identifying each article of baggage by reading the 
baggage ideittification (BID) bar code symbol applied thereto at a baggage check-in station of 
the airport seAirity system, (ii) dimensioning (i.e. profiling) the article of baggage, (iii) capturing 
a digital image^eu of the article of baggage, (iv) indexing such baggage attribute information 
with the corresponding BID number encoded into the scaimed BID bar code symbol and (v) 
sending such BllWdexed baggage attribute information to a passenger and baggage attribute 
RDBMS for storage\s a baggage attribute record; 

an x-ray (or CT) baggage scanning subsystem installed slightly downstream from the 
tunnel-based system, tor automatically scaniung each BID bar coded article of baggage to be 
loaded onto an aircraft Vsing, for example, x-radiation, gamma-radiation and/or other radiation 
beams, and producing vikble digital images of the interior and contents of each baggage article; 

said passenger and baggage attribute RDBMS, being operably connected to said PT TTM- 
based passenger identification and profiling camera subsystem, said baggage identification 
(BID) bar code symbol dispensing subsystem, the tunnel-type package identification and 
dimensioning subsystem, and said baggage scarming subsystem, for maintaining coindexed 
records on passenger attribute mfbrmation and baggage attribute information; 

a computer-based information processing subsystem for processing passenger and 
baggage attribute records (e.g. text files, image files, voice files, etc.) and maintained in the 
RDBMS, to automatically mine aind detect suspect conditions in such information records, as 
well as in records maintained in a remote TOBMS in commimication with said processor via 
the Internet, which might detect a condition for alarm or security breach (e.g. explosive devices, 
identify suspect passengers linked to Criminal activity, etc.); and 

one or more security breach Warm subsystems, for detecting and issuing alarms to 
security personnel and /or other sub4rs terns concerning possible security breach conditions 
during and after passengers and baggagi are checked into an airport. 

260. The airport security systeL of dahn 259, wherein said passenger identification 
number is encoded within each BID bar symbol a£Gxed to the baggage articles carried by 
the passenger. \ 

261. The airport security system ofVlaim 259, wherein said PID and BID bar code 
symbols are constructed from 1-D or 2-D bar cod\ symbologies. 

262. A method of and apparatus for securing an airport system comprising the steps 
of: \ 
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(aJ) each passenger who is about to board an aircraft at an airport, going to a check-in 
station with personal identification (e.g. passport, driver's license, etc.) in hand as well 
as articles of baggage to be carried on the aircraft by the passenger; 
(b.) \upon checking in with this station, issuing (1) a passenger identification bracelet 
bearingVa PID bar code symbol, and (2) a corresponding PID bar code symbol for 
attachm^t to each package carried on the aircraft by the passenger; 
(c.) cre\ting a passenger/baggage information record in the RDBMS for each 
passenger artd set of baggage checked into the system at the check-in station; 
(d.) affixinaa passenger identification (PID) bracelet to the passenger's hand at Ae 
passenger checKrin station which is to be worn during the entire duration of the 
passenger's schedi^d flight; 

(e.) automaticallXcapturing (i) a digital image of the passenger's face, head and 
upper body, (ii) a digml profile of his or her face and head using the LDIP subsystem 
employed therein, and (iifi a digital image of the passenger's identification card(s); 
(f .) indexing each iteimof passenger attribute information with the corresponding 
passenger identification (PlP) ntmiber encoded within the FID-bar code sjmnibol printed 
on the passenger identificaticp (PID) bracelet affixed to the passenger's hand at tiie 
passenger check-in station; 

^article of baggage through the tunnel-type 
tracking subsystem installed before the entry 
system (or integrated tiierewith), and then 
subsystem; 

and dimensioning each bar coded article of 



(g.) conveying each BID ba 
package identification, dimensior 
port of the X-radiation baggage 
through the X-radiation baggage 
(h.) automatically identif 
baggage using optical radiation; 
(i.) automatically imaging dimensioning each bar coded article of baggage with x- 
radiation; 

(j.) automatically inde^g each item of pas^ger and baggage attribute information 
with PID numbers and BfiD numbers, respectively, and storing said indexed item of 
passenger aiid baggage attribute information in the^DBMS for subsequent informatkm 
processing; 

(k.) detecting suspicious conditions revealed by x-ray'^images of baggage using an x- 
ray monitor adjacent the x-ray scanning subsystem; 
(1.) running intelligent information processing algoritrans each passenger and 
baggage attribute record stored in RDBMS as well as in remote RDBMSs containing 
passenger intelligence, in order to detect any suspicious condition^ yrhich may given 
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• 



concern or alarm about rftfier a particular passenger or article of baggage presentii^ 
concern or a breach of seciurils 



(m.) determining if a breac 

of step (1); 

if a breach is determined pr, 
suspect passenger and/or bagtage, 
(n.) if a breach is detected after 



ity appears to have occurred based on the results 

flight-time, then aborting the flight related to tte 
ig security personnel; and 
iircraft has lifted off, then informing the fligjtt 



art 



crew and pilot by radio commuiucation ofthe detected security concern. 
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